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ABSTRACT 


Methods  for  quantitative  analyses  of  effluent  samples  from  direct  cycle 
air-cooled  nuclear  reactors  are  presented.  Methods  have  been  developed 
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for  analyses  of  beryllium  and  uranium  at  10  gram  levels  in  various 
collection  media,  and  the  level  of  beryllium  and  uranium  present  in  the 
unexposed  media  has  been  determined.  Separation  and  decontamination 
schemes  have  been  developed  for  the  detection  of  the  following  radionuclides: 

Mo”,  Sr”'”,  B.‘«,  Y«,  Cd“5.«dNp2”. 


Collection  media  investigated  included  several  filter  papers,  canisters  of 
activated  carbon,  and  gummed  paper. 
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A  STUDY  OF  TECHNIQUES  FOE  REACTOE  YFFIUENT  ANALYSIS 


A.  INTBODUCTION 

The  following  report  is  the  final  report  of  the  radlochemloal  and  analytieal 
development  work  whloh  was  performed  by  personnel  of  Traoerlab,  Ihcorporated 
during  the  period  June  15  **  Deoeniber  15«  1960j  In  styiport  of  Contract  AF  29(60X)-2852« 
and  satisfies  the  requirements  of  Fart  II,  paragraph  A«2  of  the  above  oontraot* 

Tills  oontraot,  which  is  under  the  technical  direotlon  of  the  Air  Force  Special 
Weapons  Center,  provides  for  the  development  of  methods  and  techniques  for  the 
quantitative  analysis  of  reactor  effluent  for  beryllium,  uranium  and  selected 
fission  products. 

The  basic  problem  Involved  the  establishment  of  techniques  capable  of 
defining  the  chemical  and  physioal  nature  of  effluent  released  by  direct 
cycle  oerando  core  reactor  fuel  elements*  Ihasmuch  as  beryllium  and  uranium 
may  be  released  in  sensible  quantities  and  are  significantly  to3do,  the 
refinement  of  procedures  capable  of  detecting  these  elements  on  the  10-*  gram 
level  with  10  percent  accuracy  was  required*  Also,  to  detect  the  release 
of  any  significant  quantity  of  the  fission  product  inventory,  a  separation 
and  decontamination  scheme  was  required  for  the  detection  of  any  three  of 
the  following  radionuclides i  Mo**,  S3P***  *®,  ^®*,  (}§>*•*  A**,  Ba^*®, 

yea,  cdXis  im^  Hp^®®,  Three  percent  statistical  aoouraoy  was  required* 

As  required  in  the  oontraot,  the  level  of  bezylUun  and  uranium  present 
In  the  sample  ooUeotlon  media  ms  detezmined*  Also,  the  beiylllum,  uranium 
and  long-lived  radionuclide  content  of  the  ground  level  atmosphere  at  the 
Nevada  Test  Site  was  determined*  A  method  was  required  for  the  oorreotlon  of 
background  data  obtained  from  radloohendoal  analysis  of  exposed  filters  for  the 
Inoorporated  baokground  from  the  air,  dust  and  filters* 

As  an  aid  to  determining  the  various  aspects  of  the  remoter  operations 
and  in  separating  true  effluent  uranium  from  background  uranium,  the  oontraot 
required  the  investigation  of  mass  speotrometrie  analytloal  teehnlques  for 
determining  the  isotopic  conqjositlon  of  emitted  uranium* 

Also  required  as  a  reaotor  diagnostic  tool  was  a  feasibility  Investigation 
of  applying  partiols  study  teOhnlques  for  detentinlng  the  relationships  between 
emitted  particle  else  and  physioal  pzopertles  to  particle  radlochemloal 
ooepasltlon. 


The  following  dlsousslon  enq^aslzes  broad  radioohemloal  and  anolybleal 
problems  encountered  during  the  developmental  work  axtd  also  oovers  the 
general  scheme  of  approach  to  the  speoiflo  projects  outlined  above  and  their 
interrelationships • 

The  body  of  this  report  dlsousses  the  speoiflo  techniques  developed  by 
Traoerlab  personnel  during  the  contract  period*  It  also  includes  the  results 
of  the  many  background  deteminations  performed  at  the  Rlobnond  and  Waltham 
laboratories* 

The  finalised  procedures  for  the  dissolution  of  the  various  ooUeotion 
medla^  separation  and  deteimlnatlon  of  bezylllum,  uranlun«  the  radlonuolldeSf 
and  particles^  as  well  as  counting  techniques  idiere  applicable^  are  Included 
In  the  appendix* 

B*  DISCUSSION 

Ih  support  of  Contract  AP  2^601) ■48^2^  Rodney  Melgardf  Project  Leader  and 
Leon  leventhalj  Manager^  Technical  Services^  of  the  Reactor  Monitoring  Center 
met  wl.th  Lt.  Col*  I*  J«  Russell  of  the  Air  Research  and  Development  Command  on 
June  23«  i960,  at  AFSWO  Headquarters,  Klrtland  Air  Force  Base*  The  purpose 
of  this  meeting  was  to  dlsouas  In  detail  the  work  statement  of  the  contract  and 
review  pertinent  Information  available  to  Lt.  Ool.  Russell  to  assist  in  per- 
formanoe  of  the  contract*  As  a  result  of  this  meeting  the  timing  and  dlreotion 
of  effort  were  determined* 

Diseusaion  on  the  limits  of  detection  and  error  limits  Indicated  that 
uranium  could  be  detected  readily  within  the  limits  specified  but  that  beiylllum 
would  be  more  difficult* 

At  this  meeting  it  was  also  decided  that  an  ei^osed  baokground  blank  for 
uranium  and  beryllium  would  be  neoessary  before  actual  iiqplanentatlon  of  the 
program* 

On  June  30,  I960,  Mr.  Leventhal  met  with  Dr.  David  Bandel,  Assistant 
Teohnloal  Director  for  Traoerlab' s  Eastern  Division  Laboratories  In  Waltham, 
Kassaohusetts.  They  discussed  in  detail,  tiie  techniques  of  emission  speotrographie 
detection  and  detemlnatlon  of  beiyllium.  It  was  agreed  that  TLW  would  siq^ply 
Waltham  with  ashed  filters  for  quantitative  beryllium  analysis  by  this  method* 

Dr*  Bandel  will  fumlsh  the  results  and  a  procedure  for  this  analysis. 
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On  invitation  from  At'fft'IC,  Rodney  Melgard  visited  the  Nevada  Test  Site 
on  Septeribor  26  -  27,  I960.  The  purpose  of  this  trip  was  to  view  the  on-site 
monitorinn  equipment  and  nonrad ioactivo  tracer  studies  being  carried  out 
by  Oonvair,  Fort  Worth,  personnel.  Hh  addition,  Kr.  Melgard  met  with 
Lt.  Robert  Jacobs  of  AFS'TO  and  discussed  progress  of  the  contract.  This 
visit  assisted  in  obtaining  a  bettor  knowledge  of  the  problems  associated  with 
the  actual  depositions  which  might  bo  found  on  the  filtering  media. 

Filters  were  received  from  R.  L.  Seale,  Chief  of  Nuolear  Design  and 
Operations,  of  Oonvair,  Fort  vrorth,  Texas  on  August  9,  I960.  These  included 
nine  1106B  Hi-volume  flbergla^^s  filters,  five  pleated  filters,  ten  Millipore 
membrane  filters,  six  activated  charcoal  filters  and  six  oaibon  cartridges. 
Also  received  were  ten  1106R  filters,  four  pleated  filters,  six  HlUlpore 
merribrane  filters  and  ten  sheets  of  sticky  paper  from  Lt*  Col.  R,  E.  Heft, 
of  McClellan  Air  Force  Base,  Sacramento,  California. 

Information  was  requested  from  ^e  Mine  Safety  Appllanoe  Company,  the 
Staplex  Company  and  the  Mllipore  Filter  Goiporation  regarding  oonposltlon 
of  these  filters,  dissolution  techniques,  beryllium  and  uranium  blanks,  total 
weight  and  ash  content.  No  pertln^t  data  was  obtained  from  any  of  tliess 
sources  although  various  procedures  were  obtained  outlining  8BnQ>le  oollaotion 
procf^ures  for  gross  alpha,  beta  and  gamma  determinations.  However,  a  quote 
from  a  letter  received  from  R.  B.  Evans,  Product  Line  Manager,  of  the  Mine 
Rof ety  Appllanoo  Company,  is  intorosting  in  view  of  the  anticipated  future 
use  of  their  filters  for  effluent  sampling.  The  quote  is  as  follows! 

I  think  it  would  be  impraotloal  to  use  any  of  the  Ultra -Aire 
Spn.oe  Filters  as  sampling  filters  because  of  the  potentially  high 
blanks  which  could  vary  greatly  from  filter  to  filter.  The  rubber 
base  adhesive  and  the  corrugated  asbestos  board,  as  well  as  the  filter 
medium  itself,  cannot  properly  be  controlled  for  use  in  critical 
sampling  techniques. 

The  pleated  hi-volume  filters  ars  manufactured  in  Plitsburidt  «  .  .  . 
from  glass  miorof ibera  and  natural  esparto  gloss  and  are  prooeesed 
using  unflltered  Httsburgh  drinking  water.  Again,  they  are  not 
manufactured  as  analytical  grade  filters. 

Six  1106B  (fiberglass)  filters,  each  of  vdiioh  had  been  exposed  at  the 
Nevada  Test  Site  for  approximately  five  hours,  were  received  for  determination 
of  blank  uranium  and  bexyllium.  3h  addition,  radionuclide  blanks  were  deter* 
mined.  Detailed  results  are  tabulated  later  in  the  report. 
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Several  factors  governed  the  dlreotlon  of  development  of  tedmlques  for 
detecting  the  various  pertinent  oomponenta  of  the  reactor  effluent.  !Ihs 
dominating  problem  oonoemed  the  level  of  natural  viranlum  and  berylHua 
background  found  in  all  sample  ooUeotion  media  and  also  in  the  dhemloal  reagents 
used  in  subsequent  isolation  of  the  desired  components.  This  oonoem  neoessitated 
the  use  of  a  carrier’^ ree  dissolution  technique  utlliaing  a  minimum  of  hltdiljr 
purified  reagents*  Subsequent  aliquotting  of  the  oarrierrfree  solution  for  the 
detection  of  bexyllixun  and  uranium  kept  these  detanlnatlons  Isolated  from  the 
major  portion  of  carriers,  traoers,  and  ehendeal  reagents  and  glassmre  uhioh 
Kould  be  likely  to  add  unknown  amounts  of  natural  contaminants* 

Another  consideration  affecting  the  development  of  dissolution  methods 
for  the  proposed  sample  oolleotlon  media  was  the  inoluslon  of  ruthenium, 
molybdenum  and  oesium  in  the  fission  produot  assay.  Ihese  elements  tend  to 
volatlUaa  if  heated  above  $0(fi  0*  Thus,  an  upper  Unit  of  kSO^  0  was  satab~ 
lished  for  prooedures  enveloping  ashing  teohniquss  for  the  destruction  of  tbs 
oarbonaoeous  material  in  the  filter  matrix. 

Ihe  dry  ashing  procedure  was  tested  on  eaoh  type  of  filter  under  study* 

It  was  felt  that  a  minimum  inclusion  of  organlos  in  the  oarrler-free  solution 
would  lessen  the  possibility  of  interf  erenoe  in  stdjsequent  determinations 
and  that  the  dsy  ashing  prooedure  afforded  a  sinvle  technique  without  danger 
of  inoreaslng  Ihe  bezylUum  and  uxanium  blanks. 

In  many  instances  this  teOhnique  was  not  useful,  ^eoifios  ere  disoussed 
below* 

The  investigations  and  finalised  procedures  are  written  euoh  that  they 
will  prove  eatiefaotory  under  the  most  disadvantageous  analytloal  oonditlons 
that  oouU  be  reallstioally  antidlpeted.  niese  antiolpated  disadvantageous 
conditions  Involve  Inolusion  of  one  or  more  of  the  volatile  radlonuolides,  and 
uranium  or  bexyUlum  in  the  eepsration  and  detendnatlon  aObeme,  and  the 
posslblUty  of  a  large  amount  of  baokground  dust  being  oolleoted  on  the  sampling 
media. 

Ihe  following  section  of  this  report  eunmarlsas  the  various  analsrblosl 
Investigations  performed  at  lt«oerlab,  Ihooiporated  and  Inoludes  pertinent 
dlsoussion  and  data  from  tiie  two  Quarterly  Progress  Reports  issued  previously.* 

*  Quarterly  Progress  Report  for  June  l5*August  31,  I960,  Contract  AP  29(60l}-2852. 

Quarterly  Progress  Report  for  August  31*^ovoniber  30,  I960,  Contnot  AF  29(60l)-2652. 
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0.  SCFERIMENTia.  RESULTS 


1*  Filter  Disaolutlon  ThTeetlRatlone 
a.  Pleated  Filters 

The  pleated  filters  are  IFA  Type  "S"  filters,  manufaotwed  by  the 
Staplex  Qon^any,  Air  Sandler  Division*  Ihe  filter  is  aonstruoted  from 
a  pleated  aellulose  paper  and  is  reoonmended  for  ooUeotlon  of  partlou- 
late  matter  of  ten  microns  or  over  in  sieea 

Trial  vet  dissolutions  of  the  pleated  filters  1a  nltrlo  sold, 
hydroohlorio  sold  or  «iua  regea  failed  to  effeot  dissolution*  Even 
treating  a  small  amount  of  filter  vlth  large  amounts  of  acids  merely 
resulted  in  the  svelllng  of  the  filter  and  did  not  appear  to  attack 
the  structure  of  the  filter*  Further  work  on  vet  dissolution  of  tills 
type  filter  was  dropped  in  favor  of  investigating  dry  ashing  tediniques* 

The  conditions  of  dry  ashing  vere  dictated  by  tiie  volatility  of 
cesium,  ruthenium  and  moljpbdenum*  Cesium  and  molybdenum  are  knovn 
to  be  stable  up  to  0,  but  ruthenium  remained  to  be  investigated* 
Drying  RuOl*  oarrler  at  lOQo  0  indicated  that  the  ruthenium  compound 
present  vas  Ru0l9*3HsO  *  Ashing  this  residue  at  0  for  U6  hours 
resulted  in  a  velidit  loss  of  $2  percent*  However,  further  ashing 
produo ed  no  additional  weight  loss*  The  conversion  of  the  RU01s*3H|0 
to  RuaOs  stoldhiometrloally  fits  this  situation  and  is  assumed  to  be 
the  case  here*  Furthw  vozlc  using  ruthenium  metal  instead  of  the  tri* 
ohlorlds  resulted  in  no  apparent  veliht  loss* 

With  the  optimum  diy  ashing  tenperature  established,  the  dry 
ashing  of  the  pleated  filter  proceeded.  It  was  ashed  at  ^25^  - 

0  for  US  hours  in  a  muffle  fumaoe*  No  more  ahrlnkage  was 
observed  after  the  fixvt  SU  hours*  A  perfeot  miniature  replloa  1*5 
indies  in  diameter  vas  produced*  The  ash  vas  then  given  three  fuming 
nitrio  treatments  vitiiout  observable  reaction*  (Pezohlorio  aold  vas 
not  used  in  experimentation  since  it  vould  volatiUae  any  Bu  present 
and  could  not  be  used  in  actual  samples*}  Ihe  ash  vas  then  transferred 
to  a  teflon  beaker  and  treated  vlth  HHOs-HF  mixtures*  Solution  vas 
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effected  with  difficulty.  The  solution  was  transferred  to  a  Tolumetrlo 
flask  and  diluted  to  the  nark  for  use  in  further  ej^erimentatlon* 

Subsequent  dry  ashing  of  the  pleated  filters  did  not  produce 
consistent  results.  Ihe  shrinkage  of  the  filter  was  noted  in  only 
one  out  of  four  cases.  It  Is  assumed  that  this  effect  is  due  to 
variations  In  the  quantity  of  the  adhesive  binder  present. 

It  was  observed  that  at  about  250°  0  the  filters  would  proceed 
to  ash  at  red  heat  for  a  few  minutes  until  all  the  volatiles  were 
expended.  Ihe  red  heat  charring  occurred  even  when  the  filter  was 
placed  In  a  cold  oven  and  the  temperature  was  raised  by  50°  0  over  a 
period  of  two  hours. 

Although  the  dry  ash  method  reduced  the  weight  of  the  filter 
from  about  eight  grans  to  about  four  grams  the  auto-lnduoed  high 
temperature  charring  renders  the  procedure  useless  when  any  of  the 
volatile  elements  oeslumi  ruthenium  or  molybdenum  are  to  be  analysed. 

An  dissolution  of  the  pleated  filter  was  then  investigated 

and  used  suooessftiUy  on  four  filters.  Repeated  HND3*i!P  digestions  ara 
used  to  completely  dlasolve  the  filter*  The  HF  is  evaporated  and  the 
solution  diluted  to  volume  in  a  250  ml  flask  using  3  N  HN03  and  1^0. 

Ihs  finalised  procedure  Is  appended. 

b.  Cartjon  Filters 

Ihe  activated  charcoal  and  carbon  filters  were  found  to  be  insoluble 
in  the  ondlnaiy  reagents  en^loyed  on  paper  filters.  Due  to  this  fact 
and  the  large  amount  of  carbon  prcsoit  (59  grams  per  charcoal  filter^ 

2  grams  per  carbon  trap)  the  dry  nsh  procedure  was  used  to  destroy  the 
carbonaceous  material.  The  dry  ashing  was  extremely  slow  at  1450^  0, 
so  the  tenqjsrature  was  Increased  to  500°  0.  Ashing  was  then  completed 
in  18  hou):8. 

Subsequent  to  the  dry  ashing  the  residue  was  transferred  to  a 
teflon  beaker  and  treated  with  repeated  portions  of  HNOj’ilF.  A  ""laiT 
amount  of  residue  remained  which  eventually  was  leaohed  several  times 
and  removed  by  centrifugation  before  transferring  to  a  volumetilo  flask 
and  diluting  to  volume. 


-  6  - 


The  prooedure  diseueaed  above  gave  rise  to  a  variety  of  analytical 
problems.  The  dry  ash  often  took  as  long  as  forty-eight  hours  and  in 
no  case  gave  a  clean  ash.  A  large  amount  of  slUoeous-like  matezlal 
usually  remained  aemirfused  to  the  beaker  in  ehioh  the  carbon  had  been 
ashed.  This  residue  dissolved  with  difficulty  and  often  had  to  be 
leached  and  discarded. 

Air  was  injected  over  the  san^le  during  the  ashing  in  an  atten^t 
to  increase  the  combustion  rate.  However,  as  In  the  case  of  the 
pleated  filter,  auto-combustion  took  place  at  red  heat  and  even  an 
extremely  alow  stream  of  air  tended  to  disturb  the  light  ash  present. 

Due  to  the  shortcomings  of  the  dxy  ashing  technique,  an  attempt 
was  mode  to  destroy  the  oaitonaoeoua  material  with  atomlo  oxygen. 

Point  heating  in  the  pyrex  combustion  tube  caused  the  tube  to  break 
before  any  observable  ashing  had  taken  place.  A  vyoor  oonbustion 
tube  was  constructed  and  substituted  for  the  pyrex  tiibe.  Ibis  type 
of  combustion  tube  withstood  the  point  heating  effect  without  damage. 
However,  the  surface  of  the  carbon  particles  quickly  formed  a  protective 
ash  which  seemed  to  inhibit  further  reduction  of  the  partioles.  After 
about  one-half  hour  no  fuithar  ashing  of  the  filter  was  observed  and 
the  destruotion  of  the  filter  was  negUgibleo 

An  acid  leach  of  the  carbon  waa  Inveetlgated  next.  Oonoentrated 
nitric  and  hydrochloric  acids  and  6  N  HNOg  and  6  N  HOI  were  tried. 

Ihe  6  N  HOI  appeared  to  be  the  best  leach  madia.  The  concentrated 
acids  leadied  a  large  uncunt  of  the  sUlosous  material  eemmsnted  on 
earlier  and  caused  difficulty  in  staining  a  clear  solution.  Ah  HP 
treatment  of  the  leachate  ie  required  to  insure  ooiiq)lete  dissolution 
of  the  leached  radionuolidee. 

The  finalised  procedure  la  appended. 

0.  Fiberglass  Filters  (HSA  1106b} 

The  1106b  filter  Is  manufactured  by  the  Mine  Safety  Appliance 
Company.  Pittsburgh.  Fa.  It  is  constructed  of  glass  rdorofibers  and 
natural  esparto  glass  and  contains  about  7  percent  organic  binder 
material.  Filter  dieke  1|”  in  diameter  were  used  in  the  investigations 
discussed  below. 
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Nitrio  and  h^rochlorlo  acids  failed  to  affect  'Uiis  filter 
and  dry  ashing  at  C  resulted  in  no  observable  change  In  the 
filter  struotiure.  However,  treatment  of  the  filter  in  HNOa'flF 
mixtures  readily  renders  the  filter  soluble.  Three  treatments  were 
found  to  be  necessary  for  complete  dissolution.  The  first  few  attenq)t8 
to  dilute  the  resulting  solution  to  100  mis  for  sample  aliquotting 
resulted  in  obtaining  a  cloudy  solution.  Subsequent  experimentation 
varied  the  dissolution  teahnlque|  it  was  found  that  including  several 
aqua  regia  treatments  after  the  initial  HNOa-HF  treatments  yielded  a 
clear,  colorless  solution  upon  subsequent  dilution  to  volume. 

Chemioal  analysis  of  these  filters  indicated  than  an  average  of 
16  mg  of  inert  barium  is  present  in  the  filter  matrix  neoessitatlng 
oorreotion  of  the  ohemloal  yield. 

Ihe  prooedure  for  the  fiberglass  filter  dissolution  is  appended. 
d«  MlUlpore  Filters 

The  Hillipore  filter  is  a  thin  oellulosio  porous  membrane  matarLsl 
available  in  ten  porosity  grades,  lype  RA,  pore  siaa  1.2  mlorons, 
hi  mm  diameter  was  used  in  these  investigations. 

Several  dissolution  methods  appear  to  be  suitable  for  the  des* 
truotlon  of  this  filter.  Ihe  dry  ashing  oausos  rapid  ignition  of  the 
paper  with  the  attendant  possibility  of  ^rtial  or  total  loss  of  the 
sanqjle.  Wrapping  the  Hillipore  filter  in  a  less  esplaslve  ashlesa 
paper  such  as  Whatman  No.  kO  prevents  this  ooourrenos  and  gives  a  elean 
ash. 

lha  rapid  Ignition  of  the  paper  oan  also  be  prevented  hF  treating 
the  paper  with  nitrio  aoid  prior  to  the  ashing  and  Is  the  method 
included  in  the  appendix. 

Although  the  Hillipore  filter  is  readily  soltible  in  nitrio  aoid, 
the  dry  ashing  prooedure  has  been  inoluded  to  destroy  the  volatile 
oaibonaoeouB  material  which  could  be  a  potential  Interferenoe  in  the 
subsequent  beryllium  or  uranium  determination. 
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An  tri  s  has  also  been  3.ncludr,d  in  the  finalized 

procodiw’o  to  ooniolet?  dissolution  of  any  silioeous  material 

present* 

Of  the  various  filters  inv^tlgated  for  air  effluent  ooUeotloni 
the  Hllllpore  filter  is  the  easiest  to  get  Into  solution  and  offers  the 
most  consistent  fiber  matrix* 

e*  Stioky  Paper 

StiolQr  paper  Is  a  oelluloslo  paper  with  one  gvomed  eurfaoe.  Ihe 
papers  used  in  the  following  experiments  were  13*  by  13"* 

Treatment  of  this  paper  in  ordinary  dissolution  reagents  suoh  as 
hydrochlorlo  or  nitrio  acid  effects  dissolution  of  the  paper  base  but 
not  the  adhesive  idiloh*  under  aotual  sampling  conditions^  is  likely  to 
contain  the  majority  of  the  partloles  of  interset* 

The  dsy  eehing  prooedure  ie  effeotively  uaad  on  thle  paper* 

To  prevent  rapid  combustion  of  the  filter*  the  ashing  tanperature 
should  be  raised  to  C  at  $0°  C  Intervals  starting  at  200^  C; 

Oomplete  ashing  oan  be  saoonpll^ed  in  hours.  The  oven  tenperaturs 
is  increased  only  after  smoking  has  stopped  at  any  given  setting*  H 
this  process  Is  not  follovedi  flaming  or  spattering  of  the  ample  will 
occur* 

The  dxy  ashing  prooedure  leaves  a  light  grey  residue  Which  Is 
unaffected  by  HNO3  or  aqua  regia  treatments*  The  ash  is  transferred 
to  teflon  and  treated  with  10  mis  KF  and  2  mis  HNOg  to  effect  dissolution* 

This  step  requires  an  additional  hour*  Multiple  samplee  nay  be  run  by 
this  msthod* 

This  method  was  suooessfully  oarried  out  on  six  stioky  papers 
and  la  Included  In  the  appendix* 

£•  ZPC  Filters 

The  IPC  filters  are  oosposed  of  ootton  linter  fibers  attached  to 
a  ootton  skrlm  booking  and  lapregnated  with  Kroniaolj  a  dl*t>tttosgretfayl  phthalats 
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organic  compound  which  improves  the  retratlon  properties  of  Ihe  filters*  Iho 
paper  has  a  density  of  about  lU  grams  per  sqwre  foot  and  retains 
essentially  100  percent  of  spherical  particles  0*02  nlerons  or  greater 
in  diameter* 

Althou^  this  ^e  of  paper  was  not  originally  specified  for 
investigation  by  AFSWO,  its  widespread  use  as  a  sample  coUeotor  in 
work  of  this  type  and  the  variety  and  extent  of  experience  which 
Traoerlab  personnel  have  had  in  dealing  with  It^  later  dictated  that 
it  be  included  as  a  possible  effluent  saaqile  collection  medium* 
Dlsoouraglngly  large  beryllium  and  uranium  blanks  on  sonto  of  the  other 
filter  paper  types  also  led  to  the  investigation  of  this  paper* 

Dzy  ashing  four  square  feet  of  this  paper  overnight  at  liSOO  0* 
reduces  the  paper  to  a  clean  ash* 

Subsequent  HF-HNOj  treatments  Insure  complete  dissolution  and 
yield  a  clear*  colorless  solution  upon  dilution  to  a  known  volume* 

The  reagent  blank  is  extremely  low  for  this  dissolution*  Qn* 
fortunately  the  uranium  blank  in  the  paper  is  about  0*025  pg  per 
square  foot  whldt  restricts  the  resolution  of  small  uranium  samples 
from  the  blank  uranium* 

The  procedure  used  at  Traoerlab  for  the  dissolution  of  IPO 
paper  is  appended* 

2*  Beryllium  Analysis 

a*  Reagent  Blank  Investigations 

Due  to  the  low  level  of  beryllium  anticipated  in  the  reagents* 
blank  filters  and  ezqwsed  filters*  the  most  sensitive  available  method 
for  beryllium  detexminatlon  was  used*  Ihis  method  employs  a 
meter  Bbert  spectrograph  and  is  disoussed  in  detail  in  the  appended 
procedure*  Beryllium  content  of  the  reagents  tested  are  tabulated 
below* 
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TABUS  1. 


BERXtXlOM  IN  REAOINTS 


Reagent  ^«g/tlter  Be 

Hjtixxxfluorlo  Aold  (B  and  A  Reagent  Qrade)  0«02$ 

Nitrlo  Aold  (B  and  A  Reagent  Qrade  *  <  0.00$ 

redletlUed/ 

Nitrlo  Aold  (B  and  A  Reagent  Qrade)  <  0*00$ 


b«  Qnexpoied  Filter  Paper  Blaiik 

BerylUua  content  of  olean  filters  me  determined  bjr  smlaelon 
epeotroeoopjr  as  per  the  appended  prooedura*  Table  two  below  euimarlioi 
these  results* 


TABLE  2*  BERllLSM  OONISRT  OP  0NE1F08BD  PlLnRS 


Filter  Type 

A 

B 

0 

D 

pg/FUter  AO” 

Ohareoal 

0.7$ 

0.92 

7$. 

92. 

Staplex(  Pleated) 
No.  2 

9.0 

9.8 

22$0. 

2l|$0. 

8taplex(Pleated) 
No.  3 

ll|.l 

13.7 

3$2$. 

3lt2$. 

1106b  No.  1 

0.1  (eat) 

0.1  (est)' 

<10. 

<10. 

1106b  No*  2 

0.1  (est) 

0.1  (est) 

<10. 

<10. 

MUllpore  No.  U 

0.88 

0.9lt 

It.ll 

U.7 

KUUpore  No.  $ 

<0.1 

<0.1 

<o.$ 

<o.$ 

Btloky  Paper  No.  3 

0.09 

O.U 

0.90 

1.1 

Ntloky  Paper  No.  It 

0,11 

0.1$ 

1.1 

1.5 
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Columns  A  and  B  represent  the  amount  of  beryllium  per  milliliter 
of  oarrler~free  solution*  Oolumns  G  and  D  convert  columns  A  and  B 
to  the  amount  of  beiylllun  In  the  total  solution* 

c«  Exposed  Filter  Blank 

The  beryllium  blank  from  filters  e:qposed  In  a  Staplex  sampler 
for  approximately  five  hours  at  the  Nevada  Test  Site  mas  determined 
from  a  carrier-free  dissolution*  The  filters  were  MSA  1106B  fiberglass 
filters.  Speolally  purified  reagents  were  used  with  the  exception  of 
hydrofluoric  acid  tdiloh  was  standanl  Baker  and  Adamson  reagent  grade* 
Six  filters  ware  received  and  were  labeled  BDR  (Blank  Dust  Run) 

Nos.  1  -  6*  Uranium  and  radionuclide  blanks  were  also  ran  from  tha 
oarrier*f ree  solution  of  these  filters*  Results  of  these  analyses 
are  tabulated  later  in  this  report* 

Table  three  aummarlaea  emlaaiou  apeotroaooplo  results  for  beryllium 
oontent  of  these  filters*  Five  ml  samples  were  aldquotted  for  these 
analyses* 


TABLE  3  BERTLLIUM  GONTNNT  OF  EXPOSED  FILTERS 


SAMPLE  NO* 

Ron  1 
w/mlxlO* 

Run  2  Run  1 

(ig/nladO^  pg/PUtox  xlO’ 

Run  2 
|igA  liter 

Average 

£L0*  pg^UterxlO* 

BDR-IA 

0,T 

0.6 

70. 

6b. 

67. 

BDR-2A 

1*0 

1*1 

90. 

100. 

103. 

E(DR-3A 

0*7 

0*9 

7I4. 

06. 

00. 

BDR-1(A 

0*0 

0*7 

00. 

60. 

7b. 

BDR-^ 

0*7 

0*5 

60* 

.'I 

5U. 

61. 

BDR-6A 

0*3 

0.6 

52. 

56. 

5b. 
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3«  Uruilun  AiuQyala 


«•  Ra&gant  Blank  IhveatlgatlonB 

The  uranlwa  oontent  of  the  reagenta  uaed  in  the  dlaaolution  of 
filters  and  the  uranium  analjrale  wae  detemlned  by  naaa  epeotremetzy* 
The  method  uaed  la  dlaouaa^  later  In  thla  report  and  appended* 

The  results  of  these  analgrada  are  aa  folloin«  presented  In 
Tdble  Four  below* 


TABUS  k  URAHUM  HI  RSAOBNTS 


Ooimerolal  Reagent 
f  HNOa 
RF 

HaO  (distilled) 
HOIO4 


Uranium  Content 
10  aai»Aiter 
lit  "  » 

it  N  B 

f  B  B 


Din  tilled  Reagent 
f  HNQa 
HOIO4 

flti  •  Smidgeon  ■  10-*  g 


Uranium  Oontent 
$  SaAlter 
2.5  ■  ■ 


The  fluorometrlo  determination  of  groaa  uranium  was  also  inrestigated* 
This  method  for  uranium  detenBlnatlon  la  limited  to  samplea  of  greatw 
than  30-*  grams*  This  method  la  not  as  aoourmte  as  the  mass  apeotro* 
netrio  determination  but  for  10*^  grama  or  greater  it  oonpUes  with 
the  10  peroent  requirements* 

Ihe  f luortmetrlo  method  lirrolTea  taking  a  suitable  aliquot  of 
the  saiqple  solution*  drjrlng  in  a  platlnma  dish*  fusing  with  lUF-Lif 
flux  and  dstenalnlng  the  uranium  fluoiwetrloally  against  a  standard 
uranium  solution*  Work  done  on  this  procedure  Included  flux  pellet 
blank  studies  and  the  detenaination  of  optianim  fluxing  teagMratnrea* 
tisw*  and  cooling  oyolee*  A  Jarrell  Ash  Model  2600  fluoidmeter  was 
used  in  tl^ese  ejqperlnents* 
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Dat«mlnation  of  wanlum  In  an  tnknoim  solution  provided  by  AFSHO 
Headquarters  gave  values  of  U*6  pg/llter  ^  fluoroiaetry  and  pgAi^er 
tgr  mass  speotronetrio  detemlnatlona 

It  Is  ontiolpated  that  the  fluoroiMtrlo  procedure  will  not  lend 
Itself  dlreotly  to  the  determination  at  uranium  due  to  the  quendilng 
from  the  laxge  amounts  of  ash  obtained  from  filters  oonteinlng  a  hl^ 
peroentage  of  fiberglass  (pleated  end  1106b)«  However |  In  the  ease 
of  the  MlUlpore  filter  and  stloky  paper  this  prooedure  may  be  readily 
usable. 

The  prooedure  la  appended  for  reforenoe. 


b.  Unenposed  Filter  Paper  Blank 

The  uranium  oonteot  of  clean  filters  was  deteimlned  by  mass 
speotrometry  aooordlng  to  the  appended  prooedure*  Table  Five  below 
tabulates  the  results  of  these  Investlnatlons.  The  aliquot  from  the 
oarrier-free  solution  used  for  this  analytls  represehted  ,0$  of  the 
total  solution  in  eaoh  oase* 
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to  be  hi^ 


0«  Sjqpoaedi  Filter  Ftiper  ELank 

lha  uranium  blank  in  flltera  esqpoaed  on  the  Nerada  Teat  Site 
vaa  determined  by  maaa  apeotrometry  of  fire  ml  allquota  from  the 
aa^ple  aolutlon.  The  hlatoiy  of  the  flltara  vaa  dlaouased  prerlously 
under  paragraph  O.S.o*  liable  ^jc  tabulataa  the  reaulta  of  theae 
analyaea* 


6  URANIUM  OONIBNT  CP  SZPOSS)  FILTERS 


8AMPIS  NO, 

Atom  Peroent 

pg/ml  X  10* 

pg^Uter  X  1(% 

Toizni 

Total 

EDR-1 

0.7lt  t  0*01 

99*2$  t 

lt*2l|  ♦  2,0  ^ 

it2li.  t  2,0  % 

BDR-2 

0*72  i  0*02 

99.26  t  0,02 

il.26  t  3*3ltf« 

lt26.  t  3*3lt^ 

BDR-3 

1*09  1 0*09 

96.91  t 

it,10  ♦  6*0$% 

loo,  1  6,0$% 

BCRHIi 

0,67  ♦  0*02 

99.13  t  0*02 

lt*10  ♦  lt*27% 

itio,  t  ^*^7% 

EDR-$ 

0*76  t  0*01 

99*22  ♦  0,01 

lt*62  ♦  3,3  ^ 

it62.  ♦  3*3  % 

BDR*^ 

0*79  i  0*01 

99*21  1  0*01 

lt*l*6  ♦  3.79* 

l)it6*  t  3*79% 

It*  Radlonuollde  Analyala 
a*  Separation  Prooedure 

Ih  aoooxdanoe  with  the  aork  atatanentf  a  aeparatlon  aoheme  oapable 
of  aeparatlng  U,  Be^  Ba«  Sr,  Mo,  Ru,  Cd,  Ca,  I  and  in  good  jdeld 
from  a  single  filter  was  designed  and  inrestigated* 

Oarrler^ree  allquota  for  uranium  and  beiylllum  were  employed  to 
Insure  a  minimum  oontributlon  of  these  aiemenbs  from  reagents*  Ih 
addition,  redistilled  reagents  were  used  In  the  dissolution  prooedures. 
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The  first  separation  soheme  investdgated  is  abstracted  as  follows i 
Precipitate  the  bariun  and  strontlun  as  nitrates,  carry  neptunlua 
on  yttrium  fluoride,  distill  over  the  ruthenium  in  perchlorlo  acid 
and  separate  oesiun,  cadmium,  and  molybdenum  on  a  Dowex  1-XlO  anion 
resin  column*  This  procedure  was  tried  and  some  difficulty  enccuntered* 
Ihe  yield  on  visual  observation  appeared  satlsfaotozyi 

On  subsequent  trials,  this  soheme  continued  to  present  problou 
so  the  soheme  was  altered  as  follows  i  Preolpitato  the  barium  and 
strontium  as  sulphates  and  distill  the  ruthenium  as  the  tetraoxlds 
from  perohlorio  sold*  Evaporate  the  residue  in  the  flask  to  wet 
diynssa  and  dissolve  the  carriers  in  12  N  HOI*  Load  the  oarrlera 
onto  a  Dowex  I-XIO  anion  exchange  column  and  elute  the  Os  and  T 
with  continued  additions  of  32  N  HCl*  Add  1  N  HOIK).!  N  HF  to  elute 
the  Hp,  add  3  N  NH4(K{  to  elute  the  cadmium  and  add  Mi40HHlH4CbRs0a 
to  elute  the  molybdenum* 

This  procedure  was  used  in  the  analyals  of  the  SDR  (Blank  Dust 
Run)  sanqples  obtained  from  the  Nevada  Test  Site*  3ha  prooedura  Is 
detailed  in  the  appendix* 

Ihe  EDR  samples  described  in  paragraph  C*2*o*  were  analysed 
for  the  long-lived  fallout  isotopes,  strontlum-^O  and  Oeslun-137* 

Rasults  of  these  analysts  are  tabulated  below* 


TABIB  7  BAOKQRUUND  AKAL151S  FOR  03-137  AND  SR-90 


SAMPLE 

DF»V^ilter 

8r-90 

08-137 

BDR-1# 

U.90  ♦ 

<•7.2 

BDR-2# 

<l.!i 

<5.3 

BDR-3 

1.59  i  9.7^ 

<1.2 

BDR-h 

<1.5 

<1.2 

BDR-5 

<1.U 

2.03  ♦  9.0;t 

BDR-6 

l.li9  1 10.1% 

<1.0 

«  Low  Yield 
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Ihe  quoted  Dm  values  vere  obtained  by  oorreotlng  the  absolute 
oountlng  rate  for  oounber  effiolenoyt  counter  background^  chemical 
yields  precipitate  thloknessf  and  fraction  of  the  filter  used  In 
the  analysis*  No  blank  corrections  were  made*  One-half  of  the 
filter  was  used  In  each  oase«  the  other  hallf  being  used  for 
beiylllua  and  uranium  analysis*  The  samples  were  oousted  on 
Traoerlab  CE-lb  low  background  counters.  She  chemical  yields 
vere  in  the  range  cf  6$  -  7$  percent  with  the  exoeptlons  noted 
In  the  tablei  idiioh  were  about  10  percent  yield*  Ibe  major 
portion  of  these  saiiq)les  was  lost  due  to  a  pressure  "baok’^lash* 
in  the  ruthenium  distillation  flask* 

The  samples  were  counted  on  days  33b  ~  336,  I960,  and  vere 
not  oorreoted  for  decay. 

Other  Isotopes  decontaminated  and  counted  vere  Od^^”  #  Ba^^, 
Ko**,  Ru^°*,  and  T*^*  lb  each  case  a  limited  value  was  obtained 
Indicating  a  negligible  backgrcund  of  these  Isotopes*  These 
investigations  also  served  to  cheek  the  radloohcmlOBl  purity  of 

the  oarrlers  and  reagents  used  in  the  chemical  procedures*  Table 

••  • 

8  below  tabulates  the  results  of  these  Investigations* 

T16IS  8.  RAOIONUOLIDB  BACKaROUMD  ANALYSIS 


DFM/^  liter 

Cd-ll5 

Ba-lbO 

Y-91 

Mo-99 

Ru-106 

BDR-1* 

<6.0 

<1*0 

<^8 

<6.3 

<7*0 

BDR-2« 

<8*0 

<1*8 

<7.0 

<6.0 

N*  D* 

6DR-3 

<1.3 

<1.9 

<1.1 

<1*6 

N*  D* 

BDR'b 

<3.0 

<1.3 

<1*1 

<1.9 

<2*6 

BDR-$ 

<2.0 

<1*2 

<l*b 

<l*b 

<2*3 

BDR-6 

<1.1 

<1*1 

<1.3 

<1*2 

*  Low  Yield 

N*  D*  **  Nbt  Determined 
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lha  quoted  DFM  values  were  oeloulated  in  the  same  manner  as 
those  in  Table  7* 

It  appears  that  no  background  oorreotions  are  neeassary  vhen 
effluent  sampling  conditions  similar  to  those  of  the  BDR  sajq;>lo 
collection  are  present* 

b*  Decontamination  Procedures 

Die  decontamination  procedures  used  were  those  already  in 
use  at  Tracerlab.  They  hare  been  developed  over  a  period  of  years 
for  use  in  fallout  studies*  reactor  affluent  studies*  activation 
analysis*  Isotope  applications  and  tracer  studies.  These  pro* 
oedures  are  cnnsidared  adequate  to  give  pure  products  in  fresh  or 
old  nuolear  debris* 

The  procedures  are  appended  as  used  in  the  BDR  analysis* 

0*  Oountlng  and  Oaleulation 

Ihe  counting  and  calculation  procedures  vary  with  the  type 
of  analysis  used*  the  origin  of  the  sample  and  the  purpose  for 
idiloh  the  data  is  to  be  used.  Ihe  appended  procedures  are  con¬ 
sidered  afplloable  to  analysis  of  air  effluent  from  the  Tory 
reactor  but  may  be  modified  as  required  by  the  Air  Foroe  Qpoolal 
Weapons  Center* 

$,  Mass  Speotrometrio  Analysis  for  Isotopic  Uranium 

For  sasples  below  10-"  grams*  the  uranium  aliquot  from  a  oariler- 
free  saiiq)le  solution  is  spiked  with  U***  tracer  and  Wie  uranium 
analysed  mass  spectrometrioally,  Ihe  yield  of  the  uranium  is  then 
detemlned  from  the  U”**  peak  snd  the  sum  of  the  other  uranium  peaks 
corrected  aooordingly.  If  U*^®  is  to  be  determined  in  the  sanqole*  the 
sample  is  split  equally  into  two  portions.  One  portion  is  spiked  with 
and  the  uranium  determined  ae  outlined  above.  The  other  fraotion 
ie  run  apike*f ree  for  the  determination  of  U*^^*  and  the  diesdeal  yield 
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dstermlned  through  the  analTaie  of  relative  peak  heights*  This 
prooedure  is  capable  of  detecting  uranium  on  the  10*-*  gram  level 
within  *  10  peroenta 

6*  Particle  Investigation 

Since  most  of  the  Traoerlab  particle  isolation  and  investigation 
methods  depend  on  autoradiography  and  the  8anq}le  filters  were  activity 
freoj  no  specif Ic  investigations  were  performed  to  isolate  partloles* 
KoweveTj  a  literature  search  was  performed  and  the  procedures  for 
particle  isolation  and  investigation  were  studied  for  adaptation  to 
analysing  the  air  effluent  of  the  Tory  reactor* 

Procedures  for  particle  deteotlonf  dispersion^  Isolationi  decon- 
tamlnationj  and  determination  of  physical  and  radioohemloal  properties 
are  appended* 

Minor  revisions  may  be  neoessaiy  If  the  particle  collection  media 
has  properties  widely  dlvexgent  from  those  previously  encountered  in 
woilc  of  this  nature  at  Traoerlab* 

Zt  is  anticipated  that  Institute  of  Paper  di  ends  try  paperi  MSA  1106B 
filters  or  Mlllipore  filters  will  readily  lend  themselves  to  analysis 
of  collected  particulate  debris* 

S*  OONOLUSIDN 

The  foregoing  discussion  and  appended  procedures  satisfy  all  require¬ 
ments  of  Contract  AF  29  (601)*^8$2* 

1*  Methods  of  dissolution  of  pleated  filters^  oaxbon  traps*  fiberglass 
filters*  Mlllipore  filters*  stlolQr  paper  and  IPO  filters  have  been 
investigated  and  a  dissolution  prooedure  developed  for  each  of  the 
above  filters* 

2*  A  rapid  separation  scheme  capable  of  separating  U*  Be*  Ba*  Sr*  Me* 

Cd*  I*  Ru,  Os*  and  Np  in  good  yield  has  been  successfully  developed 
and  tested* 
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3,  Existing  deoontanlnatlon  prooedures  vers  applied  to  eaoh  of  the 
abonre  elements  and  found  satisfactory. 

l4.  Ihe  deteotlon  and  detezmlnatlon  of  beryllium  and  uranium  on  the  10-* 
gram  level  elthdn  ten  percent  error  Units  has  been  aooonqpllshed* 

The  background  lerel  of  beryllium,  uranium  and  radlonuoUdes  present 
in  filter  papers,  reagents  and  the  environment  were  determined, 

6.  Ihe  Isotoplo  composition  of  uranium  was  determined  by  mass  spectrometry 
and  the  feasibility  of  studsrlng  particle  properties  as  a  reactor 
diagnostic  tool  investigated* 

7*  The  problems  involved  in  air  sampling  with  the  various  filter  types 
are  now  more  fully  understood  and  the  praotioal  problems  involved  In 
the  subsequent  radiochemical  analysis  have  been  enumerated* 

Iho  following  reconnendations  are  derived  from  an  exaiidnatlon  of  the 
Infoimatlon  aid  data  contained  In  this  report. 

E.  REOOMMENDATIDNS 

The  unexposed  filter  blank  studies  indicate  that  the  11068,  and  MllUpore 
filters  and  sticky  paper  have  the  lowest  beryllium  blank  and  the  KUlipore 
filter  and  sticky  paper  have  the  lowest  uranium  content.  The  high  bexylllum 
blank  of  the  charcoal  and  Staplsx  pleated  filters  and  the  high  uranium  blank 
of  the  Staplex,  oharooal  and  1106B  filters  Indicates  that  they  should  not  be 
used  as  a  sampling  medium  when  onalyelng  for  low  levels  of  these  elements. 

The  HlUlpore  filter  and  sticky  paper  remain  as  the  optimum  sampling  medium 
insofar  as  beryllium  and  uranium  background  are  concerned* 

The  chemical  difficulties  involved  In  dealing  with  the  diarooal  and 
Staplex  filters  and  the  inclusion  of  inert  barium  in  the  matrix  of  the  1106B 
filter  also  indicate  that  these  filtere  should  not  be  used  for  sampling 
beryllium  and  uranium. 
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The  bex7lllun  and  uranium  oontent  of  the  reagents  used  In  the  filter 
dissolution  is  not  a  problem.  However,  the  air  effluent  samples  will  have 
to  be  oorreoted  for  the  atmospherio  baokground  of  bezylllum  and  uranium* 
There  Is  no  significant  atmospherio  baokground  of  radlonuolldes  and  these 
should  not  require  oorreotlon* 

In  short,  It  Is  reooimendad  that  HiUipore  filters  and  sticky  paper 
be  used  as  sangillng  media,  a  drsrash  and  HF>HNQ3  dissolution  using  highly 
purified  reagents  be  perfomed  and  the  sample  diluted  to  a  known  volume* 
The  beryllium  and  uxanlum  should  be  analysed  endsslon  speotrometrloally 
and  mass  speotrometrloally  respeotlvely  from  aliquots  withdrawn  from  the 
oarrler^ree  solution*  The  vadlonuoUdas  should  be  analysed  aooordlng  to 
the  appended  separation,  deoontamlnation  axxl  oountlng  procedures* 
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!•  Filter  Dlaeolutlon  Frooedures 

a.  Staples  (Pleated)  Filter  Dleeolutlon 

1«  Place  the  filter  In  a  600  ml  teflon  beaker.  Add  2$  nl 
HF,  10  ml  HNOa  and  cnraporate  to  vet  dxTneae, 

2,  Repeat  step  1  three  times, 

3,  Add  2  ml  saturated  and  10  vl  H^O*  Svaporate  to 
wet  dryness, 

li*  Add  10  ml  HNOs  and  $  ml  HOI,  Braporate  to  dryness* 

3,  Repeat  step  U  tvlee* 

6,  Add  2$  ml  HNOa  and  $  ml  HaO  to  the  beaker*  bring  to  a 
boll  and  transfer  to  a  2^0  ml  Tolunetrio  flask  (note  a)* 
Oonplete  the  transfer  with  $  *  10  ml  portions  of  3  N  HNOa* 

7*  Add  100  nO.  3  N  HNOa*  Warm  the  flask  gently  until  a  olear 
solution  is  obtained.  After  oooling  to  20**  0*  make  vip 
to  the  mark  with  HaO, 

Hote  (a)  If  a  smaller  flask  Is  used  or  If  the  sold  oon* 

oentration  la  >lt  the  sample  tends  to  salt  out* 

Total  time  for  2  san^les  -  ^  hours* 

Total  reagents  in  dissolution  of  each  flltert  HH0a~  70  mis* 

HOI  **  1$  mis*  HgO  -  10  nils*  HF  -  100  mis*  HsBOa  -  2  nls* 

b.  Carbon  Filters 

1,  Remove  the  carbon  from  its  container  and  plaoe  In  a 
600  ml  Pyrex  beaker.  Add  300  nils  6  H  IK!1  and  heat  to 
$0°  C,  Hold  at  this  heat  for  30  minutes* 

2,  Decant  Hie  major  portion  of  acid  Into  another  600  ad 
beaker*  Add  another  portion  of  6  N  HOI  to  the  oartion 
and  again  heat  and  decant  the  acid* 
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3<  Add  2  K  HGl  to  the  oaiton  and  filter  the  aold  through  a 
\4hatrnan  No*  Uo  paper.  Transfer  the  oarbon  to  the  filter 
and  tiash  thoroughly  vith  2  N  HOI* 

U.  B7aporate  the  aoounulated  acid  oontainlng  the  leached 
aatlvity  to  about  100  nle  and  transfer  to  a  2^0  ml 
teflon  beaker.  Add  20  nle  HP^  $0  mis  HNQs  and  evaporate 
to  a  small  volume* 

$,  Repeat  the  HND*HF  treatments  until  a  olear  solution  Is 
obtained.  (Two  treatments  should  suffice*) 

6.  Evaporate  the  solution  until  a  moist  residua  remains* 

Add  three  ml  saturated  HgBOs  and  ten  ml  3  N  HNOe* 

7«  Transfer  the  sanple  to  a  250  ml  voluroetrio  flask  using 
suooesslve  washes  of  3  NHNOj* 

8.  Fill  the  flask  to  approximately  200  ms  using  3  N  HNQa* 

If  the  solution  is  not  olear,  vaim  the  flask  gently  in  a 
hot  water  bath  until  a  clear  solution  is  obtained* 

9*  Cool  the  sample  to  20^  0  and  dilute  to  the  nark  with  3  g  HNOg* 

Total  tine  for  two  samples  -  8  hours* 

Total  reagents  in  dissolution  of  eaoh  filter  i 

HOI  -  350  ml,  HNOa  -  200  mis, 

HiO  -  $00  ml,  HF  -  60  mis,  HaBOs  -  3  nO^* 

0*  Fiberglass  Filter  (1106B)  Dissolution* 

1*  Plaoe  the  fiberglass  filter  in  a  $0  ml  teflon  beaker* 

Wet  the  filter  with  U  ml*  HNOa  (note  a)  add  10  mis  HP 
and  evaporate  the  sample  to  vet'tlryness* 

2,  Add  2  ml  HNO3  and  10  ml  HF  and  evaporate  to  dryness* 

3*  Repeat  step  2  twloa* 

h«  Add  2  ml  saturated  HgBOa,  5  HaO  and  evaporate  to  dxyness* 
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Add  U  ml  H}K)3,  ?  nl  HOI  and  svaporats  to  dryness. 

6*  Repeat  step  $  twice. 

7.  Rinse  down  the  sides  of  the  heaker  with  3  nl  HHps  and 
eraporate  to  dryness. 

8.  Take  \;qp  the  sample  in  10  ml  HHOs  and  transfer  to  a  100  aCL 
Tolumetrlo  flask.  Complete  the  transfer  using  $  ■*  2  nl 
portions  of  6  N  HHOs* 

9.  Add  approsdniately  60  ml  6  N  HNO3  and  gently  naxn  the  flask 
until  a  olear  solution  is  obtained. 

10.  Cool  the  sample  to  20^  0  and  make  up  to  the  nark  with  RaO. 

Mote  (a)  Unless  the  entire  filter  has  been  wetted  with  HM0a« 

a  violent  reaction  will  ooour  with  the  addition  of  HP* 

Total  time  for  two  san^ilea  -  3  hours. 

Total  reagents  per  flltert  HMDs  -  2$  mle^  IF  -  Uo  nla«  HCl  -  6  lilSi 

HgO  *  5  mlsi  HsBQi  **  2  mis. 


d.  MUllpore  Filter  Dissolution 

1.  Flaoe  the  filter  In  a  $0  ml  teflon  beaker  (note  a)  and 
add  h  Ml  HMDs.  Flaoe  on  a  hot  plate  set  at  low  heat  and 
evaporate  to  wet^ryness.  Add  2  nl  HNOs  and  again  taka 
the  sample  to  wet>^ryne88* 

2.  Add  2  nl  HF  and  1  nl  HMDs.  Bvaporate  Just  to  dryness  and 
repeat  the  treatment  with  2  nl  HP  -  1  nl  HHOs* 

3.  Add  2  drops  saturated  HsBOs^  2  Hi  HsO  and  evaporate  to 
dryness. 

b.  Take  the  sample  xqp  In  2  ml  HMOa^  bring  to  a  boll  and 

transfer  to  a  $0  ml  quarts  beaker  using  3  **  1  Ml  portions 
of  HMOs  to  complete  the  transfer.  Evaporate  the  samjAe  to 
dryness.  Flaoe  tiie  quarts  beaker  in  a  0  oven  for  one 
hour  to  eoraplete  the  destruotion  of  organic  material* 
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$,  After  allowing  the  beaker  to  oool^  add  2  nl  HNO3  and 
1  ml  HCl.  Take  the  sample  to  dryness  and  repeat  the 
aqua  regia  treatment  onoe* 

6*  Take  the  sample  up  In  2  ml  HNQs*  Bring  to  a  boll  aixl 

transfer  to  a  10  ml  volunetrlo  flask  using  3  **  2  nl  poHiona 
of  6  N  HNO3  to  oon^lete  the  transfer.  After  cooling  the 
solution  to  20^^  Q|  make  up  to  the  mark  with  1^0. 

Hote  (a)  These  filters  have  a  statlo  bharge  on  them  and  are 
difficult  to  handle  before  the  first  addition  of  HNO^. 

Total  time  for  2  samples  *'  3  hours. 

Total  reagents  per  flltert  HNO3  **  17  mis,  HF  -  U  mis,  HOI  *  2  mis, 

H3O  **  1  ml. 


«•  Sticky  Paper  Dissolution 

1.  Put  the  stloky  paper  in  a  100  ml  Pyrex  beaker  and  plaoe 
In  a  oold  muffle  oven.  Set  the  thermostat  at  Z$oP  0» 
After  the  oven  has  reaohed  250^  0  oontlhue  heating  at 
this  temperature  until  the  sang)la  has  stopped  smoking. 

2.  Raise  the  oven  temperature  to  0  at  $0^  Intervals 
after  smoking  has  stopped  at  any  given  setting.  Leave 
the  eample  in  the  oven  for  1  hour  after  li50^  0  has  been 
reaohed. 

3*  Add  2  ml  HNQi  to  the  san^le,  bring  to  a  boll  and  transfer 
to  a  ^  ml  teflon  beaker  using  2  -*  2  ml  portions  of  HNO^ 
to  complete  the  transfer. 

U*  ildd  $  ml  HF  and  evaporate  the  sample  to  wetnlxynees* 

5.  Repeat  step  l|  onoe. 

6.  Add  2  ml  HNOa,  1  ml  HCl,  and  0.$  ml  and  evaporate 

the  sample  to  wet'dzynese. 

7.  Add  2  ml  HNQ3  and  evaporate  to  vet-dzynese. 
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8.  Add  2  nl  bring  the  eantple  to  a  boil  and  transfer 
to  a  $0  ml  volumetrlo  flask.  Complete  the  transfer  with 
$**8  ml  portions  of  6  II  HNOa  •  Add  3$  mle  6  N  HNQs  and 
varm  gently  until  a  clear  solution  is  obtained.  Oool 
the  sample  to  20^  0  and  make  up  the  mark  with  HaO* 

Total  time  for  2  san^les  *■  10  hours. 

Total  reagents  per  samplei  HNOa  ~  10  mla^  KCl  **  1  nl«  HF  ■  10  inl8f 

RaBOs  -  0.^  ml. 

f .  IFO  Filter  Dissolution 

1.  Plaoe  the  filter  in  a  UOO  ml  beaker,  cover  the  beaker 

with  aluminum  foil.  Poke  six  pencil  slaed  holes  In 
the  foil  and  plaoe  the  beaker  in  a  lt$0^  0  oven.  Aeh 
overnight.  . 

2.  Tk'ansfsr  the  ash  to  a  2^0  ml  teflon  beaker  using  HRpa  as 
a  wash. 

3.  Add  3  mis  KNOg  and  1  nl  HF.  Evaporate  to  wetniryness 
and  repeat  HNOa'RF  treatments  until  oomplete  dissolution 
is  effected. 

U.  Evaporate  residue  to  wet  dryness,  add  0.$  iCL  NbBOt# 

20  nl  of  It  N  and  heat.  Transfer  to  a  lOO  ad. 
volumetric  flask 'using  It  R  HNQs  washes. 

$,  Oool  the  transferred  sanple  to  20°  0  and  dilute  to  the 
mark  with  It  N  HHOg. 

Time  (taoluding  dry  ash)  -  3  hours. 

Reagents  used!  HNOg  **  15  ad.  It  N  HNOg  -  100  mis.  RF  -  5  Mls. 
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2.  Berylllvon  Analysis 
a.  Fluorometric 

1,  Pipette  a  suitable  aliquot  of  the  oarrler*free  sanple  solution 
into  a  100  ml  beaker.  Add  2  mg  A1  carrier,  30  ml  of  diges¬ 
tion  miacbure  C80  peroent  HNO3  -  20  percent  HCIO4)  and 
evaporate  the  san^les  to  ^  ml, 

2,  Transfer  the  seur^le  to  a  ml  centrifuge  oone  and  add 
1  ml  of  maruaptoaoetlo  aoid*  Bring  to  pH  8  using  NH4OH 
ai^  centrifuge  the  resulting  precipitate,  Cisoard  the 
si^amate  and  wash  the  preolpltate  with  a  solution  prepared 
as  follows t  Bring  2  ml  merooptoaoetlo  aoid  to  a  pH  of  8 
using  oonc,  NH4OH  and  dilute  to  100  mis  using  solution  "A", 
Prepare  eolation  "A"  bybringtng  10  ml  cono,  HCl  to  a  pH  of 
8  with  oonc,  HH4OH  and  diluting  to  1000  ml  with  HgO*  The 
wash  solution  la  stable  one  day, 

3,  Continue  washing  and  oentrifuglng  the  preolpltate  until  the 
aupemate  is  clear  and  the  preolpltate  lo  white. 

It,  Dissolve  the  precipitate  in  ^  ml  KCl  and  transfer  to  a  2^  ml 
volumetric  flask  using  1  percent  HCIO4  as  a  wash  solution, 

5,  Add  1,5>  ml  NaOH-DTPA-TEA  (note  a)  and  one  drop  qulafilne  suli- 
phate  Indloator  (note  b).  Titrate  the  san^le  to  the  fluorescent 
end*polnt  with  72  peroent  HCIO4,  using  ultra-violet  light, 

6,  Defluoresoe  the  sample  using  1  N  NaOb,  Add  $  ml  piperidine 
buffer  (note  0)  and  1  ml  morln  (0,01^  percent  w/v  in  1*0 
peroent  ethanol)', 

7*  Dilute  to  the  mark  with  K4O,  nix  thoroughly  And  allow  the 
saiif>le  to  react  for  $  minutes,' 

8,  Allow  the  sarnie  to  oome  to  a  constant  temperature  and  read 
on  a  Turner  Associates  Model  110  fluorometer  using  2A  + 

U7B  primary  filters  and  2A-12  seoondary  filters. 

Note  (a)  -  NaOH'DTPA*'^  solution  Is  prepared  as  follows  1  Dissolve 

16$  grams  of  sodium  hydroxide  In  itOO  ml  of  watsr,  Die^olve  2  ml 

of  oolorlese  triethanolamine  (.TEA)  and  $  grams  of  pvadfled  DTPA 

In  the  alkaline  solution  and  dilute  to  $00  ml.  Store  In  a 

polyethylene  bottle. 


Note  (b)  Quinine  indloator  is  prepared  as  follows  t  Dissolve 
^0  mg  of  quinine  sulfate  in  ^  ml  of  water  containing  10  ml 
of  72  percent  HC104*. 

Note  (o)  Piperidine  buffer  Is  prepared  as  follows t  Transfer 
1^.0  grains  of  purified  DTPA  to  a  ^  nil  volumebrlo  flask  with  about 
200  ml  of  water.  Add  7^*0  ml  of  redistilled  piperidine^  stopper 
the  flask  and  swirl  under  a  stream  of  cold  water  until  oool» 

Add  a  solution  of  20  grams  of  anhydrous  sodium  sulfite  in  nil 
of  water  and  dilute  to  $00  ml.  Store  in  a  tl^t]y  stoppered 
bottle  with  a  polyethylene  -  lined  screw  oap* 
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b*  Bmiaaion  Speotrometrio  Beiylliun  AnalyBls 

1.  A  suitable  aliquot  from  the  oarrler*^ree  solution  of  the 
sample  filter  is  ooneentrated  to  one  ml* 

2*  A  $0X  drop  Is  plaoed  on  each  of  tm  graphite  eleotrodes 
and  sparked* 

3*  Standards  are  prepared  and  ran  In  the  same  manner* 

The  intensity  of  the  apeotral  lines  on  a  photographlo 
plate  are  cosqMured  with  the  standard  to  determine  the 
amount  of  bezylllum  in  the  sanple 

li«  If  the  bezylllun  is  not  identified  on  the  2  -  saaqplesj 
the  san^le  solution  is  ooneentrated  further  and  rsTan* 

Mote  «  This  method  en^loys  a  3*4  meter  Ebert  speotrograph 
with  a  prism  replaolng  the  dlffraotlon  grating*  The 
sensltirlty  may  rary  from  run  to  run  depending  on  the  level 
of  eontamlnatlng  elements  present*  If  a  large  amount  of 
eontamlnanta  are  present  a  Be  *  A1  oo-p^ipitatlon  may  be 
neoessary  prior  to  loading  the  samples  on  the  eleotrode* 

Ihis  deoontamlnatlon  method  is  detailed  in  the  method  for 
deteimining  beryllium  by  fluorometry* 


3.  Uranium  Ansaysis 


a.  KLuorometrlc  Uranium  Analysia 

The  fusion  dl^es  are  formed  from  aatln  flalah  90  peroeni  Ft  ■* 
lu  peiueiit  Ir  alloy  disks  (o.oi^"  thlek  by  0«7li8  t  OtOOl"  dia«}  in 
the  epeolal  forming  die  (0*750"  dla.}*  The  new  dlflhee  are  cleaned 
by  boiling  In  a  1  to  1  mixture  of  sulfurlo  aixl  nltrlo  aolds  and 
then  are  rinsed  thorou^y  in  water  and  distilled  water*  Ihey  are 
then  fused  twice  and  washed  before  their  Initial  use* 

The  fluoride  pellets  from  the  prerious  run  are  dlsoasdad*  The 
dishes  are  oleaned  byt 

1*  Bolling  onoe  In  about  0*1  M  HOI* 

2*  Bolling  twloe  in  distilled  water* 

3*  Fusing  the  dishes  with  the  KSF-UF  flux* 
li«  Repeating  steps  1  and  2 

3*  Rinse  eadt  dish  undsr  the  distilled  water  tapi  ualng 
olean  foroepa  to  handle  the  dishaa* 

6*  Flaoa  diehas  faoe  down  on  a  olean  paper  towel  to  dry* 

Ley  out  20  dishes  on  the  Niohrome  wire  soreen-ring  holdar  In 
the  pattern  shown  on  the  "Fluorlmetrlo  Uranium  Assay  Data  fihaat" 

(Figure  7i  Hef.  1)*  The  dishes  should  be  placed  as  flat  as  poaslbla 
and  apaoed  evenly  without  touohlng  eaeh  other* 

The  modified  Fletdiw  burner  uaed  for  fusion  Is  as  desoribsd  In 
Ref.  If  Figure  3*  The  regulation  of  propane  and  oompreaaed  air  are 
throui^  atandard  gae  regulatora  attaohed  to  a  propane  tank  and  oompreBsed 
air  supply  reapeotively*  Adjustment  of  the  flsme  la  by  regulation  of 
the  air  supidy  to  give  a  stable  flame  of  bout  900^  0*  Readjustment 
of  the  air  is  usually  needed  to  mslntsln  the  proper  flame  else  and 
tmnperature*  This  Is  easily  done  after  eoqperlenoe  with  the  burner 
Is  gained* 

Start  up  the  burner  and  then  plaoe  the  dish  holder  in  position 
and  Ignite  the  dishes  to  a  bright  red  heat  for  30  seconds*  Allow 
to  cool  In  plaoe* 
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Pipette  the  lOOX  eanple  ellquota  onto  the  dliAee  aooordlng  to 
the  uDeta  Sheet"*  First  pipette  the  three  aliquots  of  five  samples* 
(Positions  U|  $1  6|  7,  6|  9«  10|  llj  Ut,  15,  16|  and  Vt,  18, 

19  respectively*} 

Next  the  three  aliquots  of  the  standand  uranium  solution  are 
pipetted  using  a  separate  lOOX  pipette.  (Positions  2,  13,  and  20)* 

Finally,  using  the  pipette  from  the  standard  uranium  solution, 
lOOX  of  standard  uranium  solution  is  added  to  one  of  saoh  of  the 
five  aa]iq)les*  (Positions  It,  1,  10,  15,  and  18.) 

Dishes  number  1  and  12  are  fused  without  added  solution  la 
order  to  detemlne  the  blank  reading  due  to  the  flux  and  the  oon- 
ditlons  of  fusion*  The  lOOX  mlorcplpettes  are  oleaned  in  a  pipette 
oleaner  using  sttooesslve  washes  of  detergant  soap  solution,  dis- 
tiUad  water  ohromlo<wulfurio  sold  solution,  distilled  water  and 
anhydrous  aloObol*  They  are  then  ooated  with  "Dealoote"  diyflla 
preparation  or  a  similar  film* 

The  standard  uranium  solution  used  for  spiking  and  standard 
measurment  is  0*0$D  pg  DsOg  per  ml*  This  gives  an  aliquot  of  $ 
smidgeons  and  enables  all  readings  on  ths  fluormeter  to  be  mads 
on  the  0.001  soale*  With  the  multiplier  phototube  operating  at 
about  liOO  volts,  typioal  readings  are  as  foUowsi 

Soalet  0.001  Ihstrument  standard 

set  on  80  div* 

Blanki  10.8  Divisions 

Uranium  Samplei  1^*0  Divisions 

Standard  Solutioni  76*0  Divisions 

Spiked  Uranium  Samplet  68*0  Divisions 

Nhen  all  aliquots  have  been  added  to  the  dlahee,  plaoe  an 
Infrared  beat  laag)  over  the  group  and  slowly  evaporate  all  samples 
to  dryness* 

Place  the  sanplen’lng  on  a  rlngstand  under  a  Fisher  burner* 
Manipulate  the  flame  ettrefuUy  over  each  dleh  so  as  to  ash  eaoh 
saigile*  Ihls  must  be  done  very  oautiously  to  prevent  spattering  of 
the  samples  and  oross-eontamination* 
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Replace  the  holder  over  the  ignited  Fletoher  burner  and  ignite 
the  dishes  to  a  bright  red  heat  for  30  seconds.  Allow  to  cool* 

Ihe  flux  powder  from  which  pellets  are  fozned  for  fusion  is 
composed  of  2  percent  LIF  -*  98  percent  NsiF  nixed  intimately.  This 
is  made  up  in  one  pound  batches  in  order  to  insure  uniformity  in 
day  to  day  use*  A  satisfactory  batch  of  flux  will  give  a  reading 
of  1  smidgeon  or  less  per  O.lt  gram  pellet.  The  purest  NaF  arall- 
able  gives  0.2?  smidgeon.  (Ref.  3) 

Ihe  TIM  pellet-maker  is  custom  fabricated  from  pyrex  glass.  It 
is  adjusted  to  deliver  a  O.UO  +  0.01  gram  pellet.  The  pellet'^oaker 
is  gently  pressed  for  about  tan  times  into  the  flux  powder  container | 
and  a  spatula  is  used  to  flatten  the  bottom  of  the  pallet. 

Jarre  ll^Ash  T-S-L  fluorflux  pellets  may  be  used  in  lieu  of  the 
custom  pellets  but  each  bat^  must  be  checked  to  insure  that  the 
blank  is  low. 

A  flux  pellet  is  delivered  to  each  sample  dish  and  the  sauries 
are  immediately  fused  for  3  minuteb.  The  burner  flame  Is  maintained 
at  proper  height  and  temperature  during  the  fusion  by  adjustment  of 
the  air,  Ihe  flux  will  melt  within  one  minute  if  the  flame  is 
correctly  adjuated^  and  the  fusion  is  continued  for  three  minutes 
after  the  last  of  the  flux  has  melted.  At  the  end  of  the  fusion^ 
turn  off  the  air  and  gas  simultaneously »  and  allow  the  pellets  to 
cool  for  twenty  minutes. 

After  the  cooling  period  the  pellets  are  removed  from  the 
fusion  dishes  and  the  f luoresoenoe  is  read  on  a  JarrellAsh  Fluorl- 
meter.  Each  button  may  be  removed  by  holding  the  dish  with  forceps 
and  tilting  so  that  the  button  slides  into  the  reoeptaole  of  the 
fluorimeter.  If  the  button  does  not  loosen  from  the  dleh«  invert 
it  on  a  piece  of  glased  paper  and  tap  the  bottom  with  the  foroeips. 
The  forceps  may  be  used  to  plaoe  and  withdraw  each  button  after 
the  fluorescence  reading  le  taken.  Any  loose  particles  ars  renovsd 
from  the  reoeptaole  between  each  background  reading  by  aspirating 
wl^  a  nossle-Tubber  bulb. 
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Ihe  JarreUrAiAi  fluorometer  is  operated  and  maintained  aooordlng 
to  the  supplied  manual.  To  prepare  for  a  series  of  readings  pudh 
the  reoeptaole  slide  to  the  front  stop.  The  Instrument  raferenoe 
souroe  la  now  under  the  ultraviolet  light  and  the  meter  olroult  Is 
swltohed  to  the  0.01  soale.  The  voltage  Is  adjusted  so  as  to 
give  a  reading  of  80  divisions,  mth  this  setting^  all  sanvle> 
standard  and  spike  readings  will  be  on  the  0.001  soale.  Adjust  the 
referenoSf  zero^  and  blank  readli^a  as  speolfled  and  read  eaeh 
sanple  oonseoutlvely^  reoheoklng  Ihe  adjustment  readings  between 
eaoh  sample  button  reading.  Reoord  all  necessary  data  on  the  "Assay 
Data  Sheet 


Oaloulatlons 

Average  the  blank  readlngsCB)  and  the  JI.O  smidgeon  uranium 
standard  (8).  Oaloulate  the  UsO^  fluoresoenoe  equivalent  of  the 
Instrument  referenoe  standard.  A  oontlnuous  reoord  should  be 
kept  of  this  value  together  with  the  photomultiplier  operating 
voltage. 


annbele  (Referenoe  2) 

A  •  Average  reading  of  unsplked  sample 
8  ■  pg,  of  UsOs  in  spike 
D  ■  Reading  of  spiked  sanple 
B  «  Average  reading  of  blanks 
0  •  Reading  of  1  PB  BaO« 

B  ■  Aterage  reading  of  spike  solution 
f  M  Instrument  referenoe  standard  reading 
0.8$  ■  Oonverslon  faotor  for  UaOa  to  U. 

10^  ■  Aliquot  faotor  for  lOOX  from  one  liter. 


Instrument  Referenoe  Standard  (|ig  OaOa) 
Blank  (mpg  or  smidgeon  OaOe) 
pg  TJaOa  In  lOOX  aliquot  of  sasple 

pg  Uranium  per  liter  of  sample 


F8 

Fb 

1000 

TT 


AS  . 
IRi 


B 

IT 


(0.8$  X  10^} 


A8 

64 


3lt 


B 
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FUJaROMBTRlg  URANIUM  ASSAY 


DATA  SHEBT 


Sample  Mo.f  Position 


and  Desorlptlon 

Reading  i  | 

1  Blank 

J, 

2  lOOX  of  ^Ike  (Standasd  Vranlnm  Solution)* 

J, 

3  lOOX  sample  No.  1 

Jl 

U  IQOX  aaiiQ)le  No.  1  plus  lOOX  Splka 

J. 

$  lOOX  BBng>le  No.  1 

s 

6  lOOX  sample  No.  2 

JL 

7  lOOX  tanple  No.  2  plus  lOOX  Splka  I 

J. 

8  lOOX  sample  No.  2 

± 

9  lOOX  sanqple  No.  3 

10, 

10  lOOX  sample  No.  3  plus  lOOX  Splka 

u. 

11  lOOX  sample  No.  3 

IL 

12  Blank 

H. 

13  lOOX  Spike 

Ik 

lii  lOOX  sanple  No.  U 

iL 

1$  lOOX  sasple  No.  1»  |dus  lOOX  Splka 

16. 

16  lOOX  sample  No.  U 

IL 

17  lOOX  sample  No.  $  i 

JL 

18  lOOX  sample  No.  S  plus  lOOX  ^Ika  1 

IL 

19  lOOX  sample  No.  $ 

20 

20  lOOX  Spike  1 

1 
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REPERENOBS  ON  FUJOROMBIRIO  URANIUM  ANALYSIS 


!•  Fliioronetrlo  Oetermlnatlon  of  Unnium  by  F.  A*  Oentanni^  A*  H» 

Rossf  and  M.  A.  DaSaaa*  Raw  Materials  Derelopnent  Laboratory^ 
NAtloxial  Lead  0o«|  lbo.|  Winoheattf^  Mass*  Analartlaal  Chewlstry* 
Not.  19^« 

2.  Flooroihotomstrlo  Detsmlnatlon  of  Urandua  by  0.  R.  Prlos^ 

R.  J.  Fsrrettl  and  S*  SOhwarta.  Argonne  National  laboratory^ 
Lsmontj  Ill*  Analytical  Chemistry*  Feb*  19$3* 

3*  Uranium  Bxsretion  Studies  by  R*  J*  Ferrettli  0*  R*  Prloe  and 

S.  Sohwartii  Chapter  7j  Industrial  Madlolne  on  the  Plutonlun 
Proleoti  Edited  by  Robert  8*  Stone* 

U*  Fluorbmstrlo  Determination  of  Uranium  by  8*  KBhn«  Traoerlab^  &io*| 
Western  Dltlslon* 

5«  Maximum  Paralsaible  fiitemal  Dose  of  RadlomoUdest  Rsomt  Obanges 
in  Values*  X*  F*  Morgan*  Nuclear  Solenoe  and  tesinssrlnai  Vol* 

No*  6f  Deoemberi  1996* 

6*  National  Bureau  of  Standards^  Handbook  58t 
7*  lAfflCi  Radiation  Monitoring  Handbook* 


b«  Mass  Speotrometrio  Uranium  Analysis 

1.  Pipette  a  editable  aliquot  from  the  earrler^ree  sampla 
solution  into  a  quanta  beaker  oontaining  x  10~*  grans 
of  U-233  spike, 

2.  Heat  the  sample  to  dlryness>  allow  to  cool  and  then  transfer 
the  sample  to  a  12  ml  oentrlf  uga  cone  with  2  ml  of  mold 
deficient  saturated  ammonium  nitrate  reagent  (note  a)« 

3.  The  uranium  la  separated  by  extracting  four  times  at 
five  minutes  each  with  2  ml  volumes  of  pre-extraoted 
dl -ethyl  ether  (note  b). 

It.  Scrub  each  organlo  phase  twice  with  saturated  aimonluM 

nitrate  reagent  and  the  combined  ether  phases  are  collected 
in  another  cone. 

The  uranium  is  extracted  f  rom  the  ooniblned  ether  phases 
three  times  at  10  minutes  each  with  2  ml  volumes  of 
redistilled  water* 

6,  Collect  the  water  fractions  in  a  10  nOl  beaker  containing 
1  drop  HNOs  and  3  drops  HCl* 

7,  Heat  the  beaker  to  moist  dryness  and  treat  the  residue 
with  aqua  regia  until  it  is  oong>letely  destroyed.  Add 
one  drop  of  HNQ}  to  the  beaker  and  evaporate  to  dryness* 

8,  Transfer  the  uranium  to  a  quarts  cone  with  2  HNO^  and 
heat  to  diyness  under  a  2$0  watt  infrared  heat  lamp* 

9*  Wash  the  uranium  from  the  oone  and  mount  on  a  f llamenb 
using  <w^x  0,9  H  HN(^  for  the  transfer* 

Note  (a)  The  saturated  ammonium  nitrate  is  prepared  Yij 
dissolving  eonmerolal  analytical  grade  amnonlun  nitxate 
oryatals  in  warm  redistilled  water  and  acidifying  to  2  M 
with  distilled  concentrated  nitric  acid* 

Note  (b)  The  di-ethyl  ether  ie  pre-extraoted  witti  an  equal 
volume  of  redistilled  water  for  10  minutes* 
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U*  RadlonuoUde  AnftlyBis 

A.  S^Miion  Prooadura  for  Sr®*'  •*,  Ru^®*'  ^®®,  Ca“®* 

I*S  Mo*»,  0d»«  a»l  Np*»** 

1,  Pipette  an  aoourately  khoMn  anovint  of  BAi  Sr«  Os^  Od^ 

Moj  Ru  and  T  oarrlera  into  a  2$0  sal  beaker,  (Approxliaateljr 
20  asg  of  each  eaxrler  ezoept  T  ahould  be  uaad,  Uae  ^0  mg 
of  T  oarrler.)  Add  f^SOO  QPM  of  ataadardised  1^**  tracer, 

2,  Add  the  aotiylty  eolation  f ron  a  oarrler-free  dlaaolutloa 
of  the  aampla  filter^  add  $  issl  KNOai  3  sal  KaS04  aial 
evaporate  to  wet  dryneaa  on  a  hot  plate  aet  at  low  heat, 

Oae  a  apeedy-rap  oover  during  the  evaporation, 

3,  Xranafer  the  aanisle  to  a  1»0  sal  oentrlfuge  oona  using 

]j;  HNOa  washea,  Oentrlfuge  for  3  nlnutea  and  deoant 
the  avysarnate  into  a  ruthenluA  dlatlUatlon  flask* 

U*  Whah  the  BASO4  and  SrS04  with  U  sale  of  It  ^  MNOai 

oentrlfuge  and  deoant  the  aupernate  into  the  distillation 
flask.  Save  the  sulphates  for  step  35# 

5,  Add  20  ad  HNQh  to  the  flask.  With  the  still  head  in 
plaoof  boll  until  only  a  few  lalUlllters  of  aolution 
reiaain  in  the  flask.  Add  three  ad,  of  HOI* 

6,  Prepare  a  1(0  ad  oentrlfuge  eone.  oontainlng  10  ad  of 
freshly  prepared  12  N  NaC^  and  plaoe  in  an  ioe  bath, 

A  systeai  to  provide  air  flow  through  the  dlatlUatioii 
apparatus  anist  be  available, 

7,  To  the  sas^sle  in  the  distillation  flask  add  10  aig  I~ 
oarrlerf  3  ad  RNOa  and  k  ad  HOIO4,  Oonnoot  the  still 
head  and  start  air  flouing  throu^  the  apparatus  at  about 
2  bubbles  per  second,  (See  the  xuthenluii  deooataadnatloa 
procedure  for  a  snore  detailed  study  of  the  dlstlUatloiu) 

8,  Heat  the  aolution  in  the  flask  gently  with  a  salosro  burner 
flaaie  to  begin  the  dlstHlatlon^  ooUeotlng  the  distillate 
in  the  12N  NaCH,  Continue  the  distillation  until  the  dense 
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lAilte  fumes  of  HCIO4  have  passed  over  for  one  adnute  after 
all  the  x'ttthenium  tetraoxLde  has  been  dletlUedt  Save 
the  distillate  and  continue  with  step  3  of  ^e  Ru  deoon* 
tamlnatlon  prooedure* 

9*  AUow  the  distillation  flask  to  oool  and  transfer  the 
contents  to  a  Uo  ml  centrifuge  cone  using  6  ^  HOI 
washes  to  effect  the  transfer*  Add  2  drops  bromine 
water  and  stir  well*  Place  the  oone  lii  an  ice  bath  and 
saturate  the  liquid  with  hjalrogen  chloride  gas* 

10*  Allow  the  solution  to  come  to  room  teiig>erature  and  tranafer 
to  a  prepared  Dowex  1**X8  100  ^  200  mesh  anion  exchange 
column  12  mi  in  diameter  by  3  om  long*  OoUeot  the 
effluent  containing  the  Os  and  f  and  continue  adding  HOI 
to  completely  elute  these  elements  (1$  ml  should  suffice)* 
Save  this  fraction  for  step  Ih* 

11*  Elute  the  neptunium  with  15  ml  of  1  H  H01*K}.1  N  HP  added 
in  2  ml  Inorements*  Wash  the  column  with  5  nO.  1  N  HOI 
and  collect  this  wash  with  the  Np  fraction*  Continue  with 
stop  a  of  the  Np  decontamination  procedure. 

12.  Elute  the  Cd  with  20  ml  of  3  N  NH4OH  added  in  2  ml 
Inoremente*  Evaporate  to  about  10  mis  and  oontinue  with 
step  a*  sentenoe  two  of  the  Od  dsoontamlnatlon  prooedure* 

13.  Elute  the  Mo  by  adding  20  mis  of  6  N  NH40gH»0a  containing 
5  ml  of  NH4GH  added  in  2  ml  Inorements  and  continue  witii 
sentenoe  two,  step  0  of  the  Mo  decontamination  procedure. 

lit*  Hake  the  solution  from  step  10  basic  using  6  N  MaGH* 

Centrifuge  the  T(0H)3  and  decant  the  supemate  oontalnlng 
the  Os  into  a  clean  1|0  ml  oentrifuge  tube*  Wash  the 
I(GH}a  with  5  mis  of  0*1  N  NaCHf  oentrifuge  and  add  the 
wash  to  the  Os  sample*  Dissolve  the  Z((X{)3  in  15  ml 
of  2  N  HNO3  and  oontinue  with  step  18*  Add  enough  HOI  to 
the  Os  solution  to  make  it  about  6  H  in  HCQ.  and  oontinue 
with  step  b  of  the  Os  deoontamlnatlon  prooedure* 
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1$,  Add  10  ml  of  freah  1  M  NiaCQs  to  the  barium  and  atrontiun 
a^phatea  and  boll  until  the  Tolume  ia  rediioed  to  five  ml* 
Centrifuge  and  dlaoard  the  aupernate* 

16«  Add  1  ml  of  6  N  HHO}  to  Uie  realdua,  add  3  ml  of  HgO  and 

Blurry  wellt  Centrifuge  and  deoant  the  diaaolved  oarbonatea 
into  a  olean  centrifuge  oone*  Retreat  the  realdue  ae  in 
atep  13  above  until  the  aulphatea  are  oonqjletely  converted 
to  oarbonatea  ooniblning  all  the  dissolved  oarbonates  In 
one  oentrlfuge  oone. 

17*  Add  2$  -  30  net  of  ye'llow  fuming  HNOa  to  the  oodbined 
oarbonates  and  oool  in  an  ioe  bath  for  10  sdnates. 
Oentrifuge^  daoanti  and  dlsoard  the  supemate.  Continue 
vlth  step  b  of  the  barium  decontamination  prooedure* 

18*  Add  10  mg  Sr  oarrleri  10  mg  Sr  oarrler  and  10  mg  Su 
oarrier  to  the  T  sample.  Transfer  to  a  30  Ml  lusterold 
oentrlfuge  oone  using  irater  vashes*  Add  2  ml  HTi  stir 
mU  and  let  stand  3  minutes. 

19.  Oentrlfuge  and  dlsoard  the  supemate.  Hash  the  fluoride 
idth  3  m  HaO,  oentrlfuge  and  dlsoard  the  supernats* 

20.  Add  3  ml  sat'd  HaBQa  to  the  preoipitatea  stir  well  and  add 
3  ml  HMOa*  Stir  to  obtain  a  olear  solution.  Add  20  m'' 

1^0*  Stir  well  and  make  baslo  with  6  |  NaOR* 

21.  Oentrlfuge^  dlsoard  the  supenmit^  wash  the  hjelroxlde  with 
13  ml  HaO,  oentrlfuge  and  dlsoard  the  supemate* 

22.  deselve  the  final  faydroadde  In  a  mlnlmni  of  6  II  HOI  and 
oontlnue  with  the  Separation  of  T  from  Other  Rare  Sarths* 


Decontamination  Procedures 
1.  Barium 

(a)  To  the  Ba  carrier  (about  20  mg)  In  a  volume  of  5  to 
6  ml  (in  a  40  ml  heavy-wall  centrifuge  cone),  add 
the  activity,  stir  thoroughly  and  let  stand  for  ten 
minutes.  Add  20  ml  of  yellow  fuming  HN0$  to 
precipitate  Ba(NO})a  (note  a).  The  solution  is  stirred 
while  cooling  in  an  ice  bath  for  five  minutes.  Centri¬ 
fuge,  decant,  and  discard  the  supernate. 

(b)  Dissolve  the  precipitate  completely  in  2  ml  of  water 
(note  b).  Re-precipitate  Ba(N03)a  by  adding  10  ml 
of  fuming  HNO)  and  cooling  in  an  ice  bath  for  20 
minutes  with  occasional  stirring.  Centrifuge  the 
solution,  decant,  and  discard  the  supernate.  Dis¬ 
solve  the  precipitate  in  7  ml  of  water. 

(c)  Add  5  mg  of  Fe^^^  carrier  and  precipitate  Fe(OH)s 
by  the  addition  of  2  ml  of  6N  NH4OH  while  stirring 
(note  c).  Centrifuge  and  filter  by  gravity  into  a 
clean  40  ml  centrifuge  cone.  Wash  the  precipitate 
by  slurrying  in  5  ml  of  HjO  containing  2  drops  of 
NK4OH.  Centrifuge  and  remove  the  wash  supernate 
with  a  transfer  pipette.  Combine  this  wash  super¬ 
nate  with  the  supernate  above  and  save.  Discard  the 
Fe(OH)3  scavenge  precipitate. 

(d)  Neutralise  the  combined  supernates  by  the  dropwlse 
addition  of  6N  HNO3,  testing  the  acidity  with  short 
range  pH  paper.  Add  1  ml  of  6M  KAc  and  2  ml  of 
6M  NKtAc.  Heat  the  solution  nearly  to  boiling  and 
add  1  ml  of  1.  5M  Na2Cr04,  dropwise  with  stirring. 
Continue  stirring  the  solution  for  one  minute,  then 
centrifuge.  Save  the  supernate  for  step  (e)  of  the 
strontium  decontamination  procedure.  Wash  the  yellow 
BaCrOj  with  10  ml  of  hot  water.  Centrifuge  and  discard 
the  supernate.  The  remaining  eteps  in  the  procedurei 
including  the  final  counting,  must  be  finished  within  two 
hours  to  prevent  error  due  to  La- 140  daughter  con¬ 
tamination  in  the  Ba  precipitate. 


(•)  Diaaolve  tha  BaCr04  In  2  ml  of  6N  HCl  (note  d).  Add 
15  ml  of  HCl  ether  reagent,  note  final  PPT'n  time, 
and  stir  for  two  minutes  to  coagulate  the  BaCli  and 
let  stand  for  five  minutes  in  an  ice  bath.  Centrifugsi 
the  solution,  decant,  then  discard  the  supernate. 

(f)  Dissolve  the  precipitate  in  a  few  drops  of  water 
(note  b),  and  re-precipitate  the  BaCla*  H|0  by  the 
addition  of  15  ml  of  HCl  ether  reagent  and  stir  the 
solution  for  two  minutes.  Allow  tha  solution  to  cool 
in  an  ice  bath  for  five  minutes.  Centrifuge,  decant, 
and  discard  the  supernate. 

(g)  Have  ready  a  Whatman  No.  42  paper  disc  which  has 
been  previously  prepared  by  washing  it  with  three 

3  ml  portions  of  water  and  three  3  ml  portions  of 
ethanol.  Dry  in  an  oven  at  90^-1  idO*  for  15  minutes, 
cool  In  a  desiccator  for  ten  minutes,  and  weigh  after 
one  minute  on  balance.  Repeat  this  procedure  until 
constant  weight  (±  0. 1  mg)  has  been  obtained. 

(h)  Dissolve  the  BaCls  In  10  ml  of  water.  Heat  the 
solution  nearly  to  boiling  and  add  5  drops  of  1.  5M  HsSQ|. 
Continue  heating  for  three  minutes  to  coagulate  the 
precipitate,  then  filter  onto  the  prepared  filter  paper. 
Wash  and  dry  the  precipitate  according  to  the  filter 
paper  treatment  in  step  g.  Weight  as  BaSG^,  mount, 
and  count  Immediately  (note  e). 

NOTES 

a.  At  least  3  volumes  of  fuming  nitric  acid  should  be  added  to  insure 
quantitative  precipitation  of  Ba(NO})|. 

b.  Zt  may  be  necessary  to  add  several  additional  drops  of  water  to  effect 
complete  solution. 

e*  The  addition  of  several  drops  of  t  per  cent  aerosol  solution  sometimee 
prevents  excess  creepage. 

d.  A  precipitate  of  white  BaClj  may  appear  but  will  dissolve  with  the  addition 
of  0. 5  ml  of  water. 

a.  The  counting  error  due  to  growth  of  the  Ita-140  daughter  will  become 
appreciable  (approximately  3  per  cent)  after  two  hours  from  the  BaCrOt 
precipitation. 
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2.  Strontium 

(n)  To  the  Sr  carrier  (about  20  mg}  in  a  volume  of  5  to 
6  ml  (in  a  40  ml  heavy-wall  centrifuge  cone),  add  the 
activity  and  20  mg  of  Ba  carrier,  stir  thoroughly, 
and  let  stand  for  ten  minutes.  Add  20  ml  of  yellow 
fuming  HNO)  to  precipitate  Ba(N03)jt  and  Sr(N03)2 
(note  a).  Cool  the  solution  in  an  ice  bath  for  30 
minutes  with  occasional  stirring.  Centrifuge  at 
low  spaed  for  five  minutes,  decant,  and  discard  the 
Bupernate. 

(b)  Dissolve  the  total  precipitate  with  a  minimum  volume 
of  water  (about  2-3  ml)  and  repeat  precipitation:  of 
the  nitrates  with  fuming  HNO3  (note  a),  Centrifuge 

as  above,  decant  and  discard  the  supernate.  Dissolve 
the  precipitate  in  7  ml  of  water. 

(c)  Add  5  mg  of  Fe^^^  carrier  and  precipitate  Fe  (OH)3 
by  the  addition  of  2  ml  of  6N  NH4OM  while  stirring 
(note  b).  Centrifuge  and  decant  the  supernate  through 
a  Whatman  No.  42  filter  paper  into  a  clean  40  ml 
centrifuge  cone.  Wash  the  precipitate  by  slurrying 
with  5  ml  of  H3O  containing  2  drops  of  NH4OH.  Centri¬ 
fuge,  remove  the  wash  solution,  and  combine  with  the 
supernate  above.  Discard  the  Fe  (OH)3  scavenge 
precipitate. 

(d)  Neutralise  the  combined  supernates  by  the  dropwlse 
addition  of  6N  HNO3,  testing  the  acidity  with  pH  paper. 
Add  1  ml  of  6M  HAc  and  2  ml  of  6M  NH|Ac.  Heat  the 
solution  nearly  to  boiling  and  add  1  ml  of  1.  5M  NaaCr04 
dropwlse  with  stirring.  Continue  stirring  the  solution 
for  one  minute,  then  centrifuge.  Decant  the  supernate 
into  a  clean  40  ml  centrifuge  cone.  Discard  the 
BaCrQi  precipitate. 

(e)  Heat  the  solution  nearly  to  boiling  and  add  1  ml  of 
Ba(N03}3  solution  (10  mg  Ba/ml)  dropwlse  with  stir¬ 
ring.  Continue  stirring  the  solution  one  minute,  then 
centrifuge.  Decant  the  supernate  through  a  Whatman 
No.  42  filter  paper  into  a  clean  tube. 
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(f)  Add  2  ml  of  NH|OH,  heat  nearly  to  boiling,  and  add 

5  ml  of  a  saturated  ammonium  oxalate  solution  slowly 
with  stirring.  Continue  stirring  for  two  minutes. 
Centrifuge,  decant  and  discard  the  supernate.  The 
remaining  steps  in  the  procedure,  including  the  final 
counting,  should  be  finished  within  three  hours  to 
minimiae  the  error  due  to  Y-90  daughter  in  the  Sr 
precipitate. 

(g)  Dissolve  the  SrCgQi  precipitate  with  4  ml  of  6N  HNO|. 
Add  15  ml  of  faming  HNO}  (note  c)  stir  well  in  an  ice 
bath  for  20  minutes  with  occasional  stirring.  Centri¬ 
fuge.  decant  and  discard  the  supernate, 

(h)  Dissolve  the  Sr  (NOs}e  precipitate  in  10  ml  of  water. 
Heat  nearly  to  boiling  and  add  2  ml  of  IM  Na|CO| 
solution  slowly  with  stirring.  Heat  gently  for  several 
minutes  and  allow  to  cool  in  an  ice  bath  for  10  minutes. 

(i)  Have  ready  a  Whatman  No.  42  filter  disc  which  has 
been  previoasly  prepared  by  washing  it  with  three 

3  ml  portions  of  HaO  and  then  with  three  5  ml  portions 
of  ethanol.  Dry  in  an  oven  at  90°-100°C  for  10 
minutes,  cool  in  a  desiccator  for  10  minutes  and 
weigh.  Repeat  this  procedure  until  a  constant  weight 
(±  0. 1  mg)  has  been  obtained. 

(J)  Filter  the  SrCQi  onto  the  prepared  filter  paper. 

Wash,  dry,  and  weigh  the  precipitate  according  to 
the  filter  paper  treatment  in  step  i.  Weigh  as  8rCO|, 
mount,  and  count. 

NOTES 

a.  At  least  three  volumes  of  faming  HNO|  should  be  added  to  insure  the 
quantitative  precipitation  of  the  nitrates. 

b.  The  addition  of  several  drops  of  a  I  per  cent  aerosol  solution  will  help 
prevent  creepage. 

c.  Record  the  Sr(NOs)a  precipitation  ae  the  final  precipitation  time. 
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3«  Molybdenum 

(a)  Add  the  solution  containing  the  molybdenum  activity  to 
the  molybdenum  carrier  (approximately  20  mg)  and 
add  sufficient  HCl  to  make  the  solution  6N  in  HCl. 

Add  2  drops  of  bromine  water  and  stir.  Add  one  mg 
of  Cs  carrier  and  l  mg  of  W  carrier,  stir  thoroughly 
and  let  stand  10  minutes. 

(b)  Pour  the  solution  through  a  Dowex-l-XlO  short  resin 
column  (note  a).  Wash  with  10  ml  of  6N  HCl.  then 
with  10  ml  of  0.  IN  HCl  and  finally  with  10  ml  of 

3N  NH4OH. 

(c)  Slute  the  molybdenum  off  the  column  with  15  ml  of 
6N  NKfCaHaOi  containing  5  ml  of  NH4OH.  Make  the 
eluate  Just  acid  with  HNO}.  Add  3  mg. of  Fe^*.  5  mg 

of  Zr^^,  1  mg  of  Te^^  carrier,  and  1  drop  of  IM  NaNO}, 
Stir  thoroughly.  Make  the  solution  at  least  pH  10  with 
NH4OH. 

(^)  Stir  thoroughly,  centrifuge  2  minutes  and  filter  through 
a  Whatman  No.  42  filter  paper  Into  a  clean  40  ml 
centrifuge  cone.  Discard  the  filter  paper  and  precipitate. 
Acidify  the  filtrate  with  HNOf  to  about  pH  0  as  Indicated 
by  short  range  pH  paper.  Add  7  drops  of  bromine  water 
and  1  ml  of  saturated  oxalic  acid  (note  b).  Stir  and 
cool  in  an  ice  bath.  Add  10  ml  of  filtered  cuproaimagent 
(2  per  cent  a«benaoin  oxime  in  ethanol).  Record  final 
precipitation  time.  Stir  very  thoroughly  again  and 
centrifuge  at  high  s^ed  for  5  minutes.  Decant  care¬ 
fully  and  discard  the  supernate.  Wash  the  precipitate 
with  20  ml  of  Ilf  HNO|.  Centrifuge,  decant  and  discard 
the  supernate. 

(e)  Slurry  the  washed  precipitate  in  20  ml  of  llf  HNOj  and 
filter  through  a  9  cm  Whatman  No.  42  filter  paper 
very  carefully  in  a  Fisher  Filtrator  funnel  under  a 
slight  vacuum  (note  c).  Air  dry  by  pulling  air  through 
filter  paper  and  precipitate  with  the  vacuum.  Carefully 
fold  and  place  the  filter  paper  containing  the  precipitate 
in  a  coors  No.  00  porcelain  crucible.  Tilt  the  cover 
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on  the  crucible  and  ignite  In  a  muffle  furnace  for 
one  hour  at  525°C  (note  d).  Record  time  taken  out 
of  furnace. 

(f)  Carefully  grind  the  MoO|  thoroughly  in  abaolute 

ethanol  using  a  glass  rod.  Filter  through  the  stain¬ 
less  steel  filter  tower  onto  a  2.  3  cm  Whatman  No. 
42  filter  disc  previously  prepared  and  tared.  Wash 
with  absolute  ethanol.  Bry  in  an  oven  at  90-100^C 
for  10  minutes,  let  cool  10  minutes  in  a  desiccator 
and  make  a  one  minute  timed  weighing.  Repeat 
drying,  desiccating  and  weighing  until  agreement 
la  within  0. 1  mg.  Mount,  but  do  not  count  until  18 
hours  after  furnace  removal  time  (note  e). 


NOTES 

a.  The  resin  column  is  a  short  tubulated  test  tube  of  12  mm  1. 0.  and 
65  mm  long  filled  to  a  depth  of  about  1-1/4  inehos  with  Dowex  A.  0. 

1-3C10,  50-100  mesh  anion  exchange  resin,  A  glass  wool  plug  is 
placed  at  the  bottom  and  on  top  to  contain  the  resin.  The  resin  is 
pre-conditioned  by  washing  with  10  ml  of  concentrated  HCl.  Discard 
this  wash, 

b.  The  oxalate  ion  complexes  any  niobium  present,  thus  preventing  its 
co-precipitation  with  molybdenum. 

0.  If  too  high  a  vacuum  is  pulled,  the  filter  paper  may  tear  and  molybdenum 
will  bo  lost. 

d.  The  furnace  should  be  calibrated  and  the  temperature  should  not  exceed 
approximately  525  C,  as  molybdenum  can  be  volatiliaed  by  excessively 
high  temperatures. 

e.  After  18  hours  the  daughter  Tc^  will  be  in  equilibrium  with  Mo**  and 
the  sample  may  be  counted. 
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4«  Ruthenium 

(a)  To  the  solution  containing  the  ruthenium  activity  in 
a  volume  o£  no  more  than  5  ml  (in  the  ruthenium 
distillation  apparatus),  add  Ru  carrier  in  the 
detiired  amount.  Add  25  ml  of  HNO3.  With  the 
stiU  head  in  place,  boil  until  only  a  few  ml  of 
solution  remain  in  the  flask  and  add  3  ml  of  HCl. 

(b)  Have  prepared  a  40  ml  centrifuge  cone  containing 
10  ml  of  freshly  prepared  12N  NaOH  in  an  ice  bath. 

A  system  to  provide  a  positive  air  flow  through 
the  apparatus  during  distillation. niust  be  utilised 
(note  a).  To  the  sample  in  the  distillation  flask, 
add  10  mgs  of  I**  carrier,  then  add  3  ml  of  HNO3 
and  4  ml  of  HCIO4.  The  ground  glass  connection 
should  be  wet  with  the  HCIO4  to  aid  in  sealing  the 
apparatus.  Connect  the  still  head  and  start  the 
air  flowing  through  the  system  (about  two  bubbles 
per  second).  Heat  the  solution  in  the  flask  gently 
with  a  micro  burner  flame  to  begin  the  distillation. 

The  distillation  is  continued  until  the  dense  white 
fumes  of  HCIO4  have  passed  over  for  one  minute 
after  all  the  Ru  has  been  distilled  (note  b). 

Caution;  Considerable  frothing  may  occur  prior 

to  the  appearance  of  HCIO4.  A  sponge,  or  damp 
cloth,  should  be  kept  on  hand  to  cool  the  flask  in 
case  the  frothing  becomes  too  violent. 

(c)  Let  the  distillate  stand  for*  15  minutes,  centrifuge 
and  discard  any  residue.  Adjust  the  pH  of  the 
distillate  to  8,  using  dilute  HCl  or  NaOH  as  needed* 

Add  3  ml  of  ethanol  and  stir  well.  Heat  the  solution 
until  the  precipitate  coagulates  (do  not  boil),  centrifuge 
and  discard  the  supernate. 

(d)  Dissolve  the  precipitate  with  3  ml  of  HCl  by  allowing 
to  stand  a  minimum  period  of  three  hours  (note  c). 
Check  for  complete  dissolution  of  the  precipitate 

by  centrifuging.  Transfer  to  a  125  ml  flask  and 
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dilute  with  10  ml  of  water.  Add  powdered 
magnesium  metal  (note  d)  in  small  portions, 
swirling  after  each  addition.  Add  the  magnesium 
at  a  rate  which  wUl!  maintain  a  constant  evolution 
of  hydrogen  until  am  excess  of  the  powder  has  been 
added  (when  the  HG^lhas  been  depleted  the  magnesium 
will  cease  to  react  and  is  then  in  excess}.  Boil  the 
mixture  until  the  Ru  coagulates  (note  e).  Cool  the 
solution,  and  add  5  ml  of  HCl  cautiously.  Add  1 
drop  of  1  per  cent  aerosol  solution,  and  boil  the 
solution  for  two ''minutes.  Transfer  the  material 
to  a  40  ml  cone  and  centrifuge.  Decant  and  discard 
the  supernate..  Wash  the  Ru  metal  two  times  with 
water,  centrifuging,  decanting,  and  discarding  the 
wash  water  each  time. 

{^)  Have  ready  a  weighed  Whatman  No.  42  filter  paper 
disc  which  has  been  treated  with  three  5  ml  portions 
each  of  water  and  ethanol.  Dry  the  paper  for  ten 
minutes  at  90>100°C,  cool  ten  minutes  in  a 
desiccator,  and  weigh.  Repeat  this  procedure 
until  a  constant  weight  has  been  obtained. 

(f)  Slurry  with  water  and  filter  the  precipitate  through 
the  filtration  apparatus  onto  the  weighed  filter 
paper.  Use  the  washing  procedure  and  weighing 
procedure  employed  in  preparing  the  filter  paper, 
(note  f).  Weight  as  Ru  metal  (gravimetric  factor 
1.  0).  Mount  and  count. 

NOTES 

a.  If  a  steady  compressed  air  system  is  not  available,  a  positive  air 
flow  may  be  obtained  by  displacing  air  in  a  bottle  connected  to  the 
distiUation  apparatus  by  siphoning  water  from  a  higher  second  bottle. 

b.  The  extremely  dark  coloring  due  to  Ru  will  leave  the  distillation  flask 
and  appear  in  the  NaOH. 
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It  has  been  found  that  the  subsequent  reduction  of  Ru  to  the  metal 
proceeds  faster  and  more  smoothly  when  the  oxides  are  allowed 
to  dissolve  slowly  at  room  temperature.  Howeveri  if  the  long 
waiting  period  cannot  be  arrangedt  the  solution  may  be  heated 
gently  to  dissolve  the  oxides. 

The  magnesium  must  be  residue  free  after  dissolution  with.HCl. 
Test  the  magnesium  by  dissolving  a  gram  in  HCl. 

If  coagulation  does  not  occuri  or  if  the  solution  remains  dark 
(indicating  incomplete  reduction),  add  HCl  until  the  excess 
magnesium  dissolves,  then  add  1  ml  excess.  Repeat  the  magnesium 
reduction. 

After  cooling  in  a  desiccator,  weigh  the  Ru  precipitate  without 
delay.  Ru  is  somewhat  hygroscopic. 


$,  Cadmium 

(a)  Add  the  solution  containing  the  cadmium  activity  to  the  oadmium 
oarrier  (approximately  30  mg)  in  a  liO  ml  glass  ottitrlfuge 
tube*  Adjust  the  volume  to  10  ml  with  water.  Adjust  the 
solution  to  pH-?  with  6  N  MH4OH.  Preolpitate  OdS  with  1^8  gas. 

(b)  Centrifuge  and  disoard  the  supernate.  Wash  the  OdS  with  $  m 
of  water  oontalning  2  drops  of  saturated  NH4NQS  reagent. 
Centrifuge  and  disoard  the  wadi. 

(0)  Dissolve  the  preolpitate  with  1  ml  of  oono.  Hfir  and  boil. 

Add  0.$  ml  of  HNOa  and  boil  (Note  a).  Cool  and  add  lo  sa 
of  oono.  HDr. 

(d)  Blute  the  solution  throu£|h  a  short  oolurnn  of  Dowex  A01*XI0 
($0^100  msdi)  resin  (Note  b)«  Wash  the  ooliasi  wlthi  10  ml 
ooho.  HBri  and  10  ml  of  HgO.  Disoard  the  washes. 

(e)  flaoe  a  olsan  1(0  ml  oentrlfugs  tubs  under  the  oolumn  and  aiuta 
Ihe  eadfldum  from  the  oolumn  with  20  id.  of  6  NU4OH. 

(f )  To  tho  (dhats  from  Step  s  add  $  ml  of  IIIH4OH  and  $  mg  of  ftl** 
Oarrisf^  Stir  and  omtrlfuge  for  two  sdnutas.  Ofsiant  the 
aupemats  into  a  olsan  1(0  id.  oentrlfugs  tdbs  and  sluts  trough 
a  abort  oolusn  of  Dowex  AQ$0*X12  rssln  (SD*diOO  mssh)  (Note  o). 
Disoard  tho  Fs((l!)a  prseiidtats* 

0 

(g)  wash  the  oolumn  with  1  10  hi  of  6  Jl  MlaOiti  10  ml  of  1  £  mUOR$ 
and  1$  ml  of  1^0.  Diseaxd  the  washea. 

(h)  Hills  Step  g  is  in  progress  prsjpars  2.3  om  Nbatmon  No.  1|2 
filter  dlses  by  washing  with  distUlsd  water  and  than  idth 
ahaolnts  ethanol.  Diy  at  90  -  100^  0  for  10  mlnutss^  oool 
in  a  deslooator  for  10  mimtss  and  make  a  1  minute  timas 
weighing.  Hspeat  dsying^  dssiooatingi  and  wslidiing  to  eonatant 
weight  ($0.1  mg). 

(1)  Tlaos  a  clean  1(0  id  oentilfuge  tubs  under  the  oolussi  end  elute 
the  oadmium  from  the  oolusn  with  20  ml  of  1  M  HBr. 

(j)  To  the  eluats  from  Stop  1  add  2  ml  of  3  H  MR4OI  and  adjust 
the  pR  to  6  with  the  dropulss  addition  of  d  £  NH4CH.  Add 
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3  MI  of  1*3  K  (HH4)8HP04  asd  disest  13  adnuteo  on  «  6tfi  0 
hot  amter  bath*  Maintain  tha  pH  of  the  nolutlon  at  8  idth  tha 
addition  of  6  K  NEI4OH  or  6  N  HOI  throughout  tha  dlgaation* 

(k)  Vlltar  tha  proolpltata  through  tha  atainleaa  ataal  filter  towar 
onto  tha  prepared  paper  dlao*  Waah  with  $  nl  portiona  of 
eater.  AUoe  the  precipitate  to  air  dry  hy  auction.  Dry  In 
an  oven  at  90  -  lOO^O  for  10  inlnuta8»  oool  In  a  dealoeator 

10  ninutaa  and  make  a  one  nlnute  timed  eelghlhg*  Hepaat 
drying^  daalooating  and  weighing  until  agreanent  la  within 
t  0,1  mg. 

(l)  Mount  and  allow  I6  houra  after  find  preolpltatlon  for  tha 

daughter  to  grow  into  aqulUbrlun  baf era  oountlng* 

MOTES 

a.  It  HaS  la  not  oon|)letaly  removed  GdS  will  form  In  Step  a. 
b*  The  anion  resin  oolunn  la  a  short  tubulated  teat  ttibe  of 
12  mm  I.  0.  and  83  nn  long  filled  to  a  depth  of  about  1  inch 
with  Oowax  Ml-HO  (30-100  neCh)  anion  asahange  realn* 

A  glaaa  wool  plug  la  plaoad  at  tha  botton  and  on  top  to 
contain  tha  raaln.  The  resin  is  pra-oonditloned  by  waihli« 
with  30  d  of  oono.  HBr,  Discard  this  wabh* 

0.  Tbs  short  oatlon  rosin  oolunn  Is  the  sane  as  In  Mots  b 
easept  the  raaln  used  Is  Dowex  Aa30-X12«  30  ”  100  mash 
oatlon  rosin.  The  rssln  is  pra-oondltloned  by  washing 
with  10  nl  of  6  £  NK40H»  Dlsoard  this  wash. 
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6*  Cealum 

(a)  To  'tile  Cs  carrier  (.about  20  mg))  In  a  volume  less  than  8  ml 
(in  a  UO  ml  heavy-mall  centrifuge  cone)  add  the  activity  and 
stir  thoroughly*  Add  enough  HCl  to  make  the  solution  approx¬ 
imately  6  N  in  HC1« 

(b)  Add  1  ml  of  a  0»12  M  sillootungstio  acid  solution  and  stir 
thorou|hl-y«  Digest  the  solution  in  a  hot  water  bath  for  five 
minutes^  with  occasional  stirring*  Allow  the  solution  to  cool 
for  several  minutes^  osntrifugei  decant  and  discard  the  super- 
nate*  Wash  the  precipitate  with  $  ml  of  6  N  HCa.«  oentrifugej 
decant  and  discard  the  wash  solution. 

(o)  Add  !•$  ml  of  6  N  NsOK  to  the  oseium  slUootungstato  praolpitate 
and  heat  gently  with  stirring  until  a  clear  solution  results* 

Add  10  ml  of  6  N  HCl  and  heat  gently  for  five  minutes'  (a  oanaiy 
yellow  precipitate  of  alllootungstlo  acid  sho\dd  be  present)’* 

Cool  the  mixtures  and  allow  to  stand  for  flvs  minutes*  Centri¬ 
fuge  and  decant  the  supenvate  into  a  clean  hO  ml  glasa  centrifuge 
t\A>e.  Wash  the  preoipi<tate  with  5  nl  of  6  N  HCl^  centrifuge 
and  conhlne  with  the  supemate*  Discard  the  precipitate* 

(d) '  Repeat  Steps  b  and  o* 

(e)  Prepare  a  Whatman  No*  U2  filter  paper  disc  by  washing  it 
three  times  with  $  ml  portions  of  ethanol.  Diy  in  an  oven  at 
900  .  lOQO  c  for  ten  mlnutesi  cool  ten  rdnutea  In  a  deslooatorj 
and  weigh*  R^eat  this  procedure  until  constant  welc^t  i*  0,1  mg) 
has  been  obtained* 

(f)  To  the  final  solution^  add  1  nl  of  10  percent  ohloroplatinlo 
acid  (HgPtCle)  solution  and  stir  thoroughly,  illow  to  stand 
for  several  ndnutea*  Centrifuge  and  discard  the  supemate* 

Wash  with  two  5  nl  portions  of  6  N  HOI,  oentrifuglng  nd  dls- 
oaudlng  the  si^emate  eaoh  time.  Wash  with  two  $  nl  portions 
of  absolute  ethanol,  oentrifuglng  and  dlaoardlng  the:  stvemate 
eaoh  time*  (Note  a)* 

(g)  Slurry  the  precipitate  in  absolute  ethanol  and  transfer  into 

a  previously  tared  poroelsin  crucible*  Bvaporate  off  the  ethanol 
under  a  heat  la^p*  Dry  the  oruolble  at  90^  -  lOQb  0  for  10 
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nlxmtes,  cool  and  iralgh.  Repeat  this  prooedure  until  oonatant 
weight  is  obtained  (*  0.1  mg)* 

(h)  Wel0i  into  the  oruolble  enough  dxy,  inert  oeelun  diloro- 
platinate  to  give  a  final  precipitate  thlcknese  of  15  ng/on^' 
(this  amount  can  he  oaloulated  from  the  area  of  the  preolpltatlon 
apparatus  used  in  ihe  final  mounting)* 

(i)  Slurry  the  mixture  with  absolute  athanol  and  mix  thoroughly* 
Filter  quantltatlrely  by  repeated  ethanol  rinses  of  the 
oruolble  throu(di  the  previously  prepared  filter  paper  diso* 

Wash  down  any  precipitate  adhering  to  the  sides  of  the  tower* 
Allow  the  paper  disc  and  pt^lpitate  to  dry  with  suction  before 
removing  the  tower* 

(j)  Diy  in  an  oven  and  wei^  as  in  Step  e*  The  final  precipitate 
la  weighed  as  OsgPtOle*  The  sample  is  mounted  and  oounted* 

NOTES 

a*  If  the  sample  is  to  be  oounted  on  a  gaana  eountarg  skip 
steps  g  and  h  and  prooeed  with  step  !• 
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7*  Serration  of  Y  from  other  Ibre  Earths 
a*  Resin  Prooessing 

Place  about  one  povmd  of  Dowex  $0Vf*Xti  (minus  UOO  mesh) 
analytical  grade  resin  In  a  2  liter  beaker  and  add  vater  to  a 
height  of  four  inches  above  the  settled  resin*  Add  2^0  g  dibasic 
asMonlvDi  citrate^  stir  well  with  an  electric  stirrer  and  adjust 
the  pH  to  six  with  pH  paper  using  6  M  NH4OH.  Stir  for  one  hour 
with  the  deotric  stirrer* 

Let  stand  30  minutesf  siphon  off  the  fines  and  dlsoard 
then.  Again  add  water  to  a  height  of  four  inches  above  the 
resliii  stir  and  let  stand  30  minutes.  Siphon  off  the  fines 
M  before.  Repeat  this  process  several  more  times  until  the 
supemate  la  quite  clear* 

Gover  the  graded  resin  with  water  and  store  for  use* 

b«  Preparation  of  the  Eluting  Agent 

Prepare  about  2  liters  of  0»$  M  A*tydroavlsobutyrio 
sold  (AHIB)  for  eadi  duplicate  run*  Dissolve  $2  g  AHIB  in 
water*  add  one  gram  phenol  and  dilute  to  one  liter. 

About  liiOO  si  of  0,$  M  AHIB  at  pH  3.10  and  about  6OO  nl 
at  pR  U.20  is  used  for  esoh  duplicate  run.  Make  the  p^ 
adjustnsnts  with  a  Beokman  Model  0  jH  meter  whioh  has  been 
oalibrated  with  a  BKH  Standard  pH  U.OO  buffer  solution* 

0.  Preparation  and  Oondltionlng  of  the  Bare  Barth  Oolunns 

1.  Decontamination  -  Previously  used  R*  B.  oolunns  are 
decontaminated  by  flushing  several  times  with  a  boiling 
mixture  of  Versene  and  Aloonox  in  water  followed  by 
several  rinses  with  boiling  distilled  water* 

2*  Filling  Columns  with  Prooessed  Resin  -  Fill  odum 
half  full  with  water.  Ikke  a  small  ball  of  pyrex 
wool  1/2*  dlsm.)  which  has  been  fluffed  out  to  dis* 
orient  the  fibers  and  push  plug  to  bottom.of  eolon 


-51* 


working  air  babbles  out  aa  It  goes  down*  Ron  a  little  water 
out  of  the  etopoooka  and  oheok  for  air  bribblea*  Mark  the 
ooluan  at  a  height  6$  oa  above  -the  plug  and  add  a  water  alurrj 
of  the  resin  While  the  water  drips  out  of  the  atopoook* 

Don't  allow  the  resin  to  go  dry*  Add  resin  till  the  settled 
resin  Is  at  the  nark  taking  oare  to  have  a  level  surfaoe  and 
no  resin  partiolea  on  the  glass  walls  above* 

3*  Conditioning  the  Resin  Columns  *■  Ihe  oolumns  are  oonditloned 
with  0.$  M  AHIB  at  pK  3*10*  About  two  oolunn  volusws  of  this 
eltttrlant  are  allowed  to  pass  throu^  the  oolumns  under 
pressure  (6*$0  Inches  Hg)  at  room  temperature*  The  ooluina 
may  be  oonditloned  ovamlght  if  neoessary.  After  the  eolume 
have  been  oonditloned «  wipe  the  stopoook  tips  dry  and  ooat 
with  Oesioote* 

d«  Loading  of  Rare  Sarth  Samples  onto  Resin  Oolum 

1«  The  R*  B*  mlscture  (in  6  V  Hd)  Is  boiled  down  to  a  volume  of 
oaloulated  l/R  ad-*  A  few  additional  drops  of  6  £  Rd  it 
added  during  boiling  to  prevent  the  R*B*  from  hydrolysing* 

2*  Let  the  R*  B*  solution  oool  to  room  temperature  and  then 
load  onto  the  top  of  the  resin  eolumn  in  small  Inoremsnte 
by  transfer  pipette^  taking  oare  that  the  tip  of  the  pipette 
touehea  only  a  spaoe  about  1/B  Ixioh  above  the  resin  bed* 

At  no  time  should  the  level  of  liquid  in  the  oolumn  toueh 
the  top  of  the  resin  bed*  A  loose  fitting  oork  around  the 
transfer  pipette  whloh  will  fit  into  the  burette  top  aids  in 
steadying  the  pipette  during  loading* 

3*  Wash  the  oontalner  It  tines  with  1/2  ml  portions  of  0»$  {1  AH1B| 
pH  3*10«  eaoh  wash  being  added  onto  the  resin  eolusn  In 
small  inorements* 

h*  The  insides  of  the  oolunn  above  the  reein  bed  is  then  washed 
down  with  several  mis  of  0,$  M  AHIB*  pH  3*10*  Oiaaa  waAae 
ahould  be  allowed  to  trlokle  down  the  Insldae  of  the  ooluan 
as  slowly  aa  poaslble  so  as  not  to  disturb  the  top  of  the 
rssin  bed* 
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$m  Fill  the  oolunn  to  the  ver^  brim  vlth  0,$  M  AHIB  ({fl  3*10) 
and  oonneot  to  the  reservoir  oontalnlng  the  elutrlant* 

Wire  all  oonneetlons.  All  air  bubbles  most  be  removed* 

e*  Start  of  Elution 

la  With  all  olan^j  stopoooks^  eto>|  shut  off  open  pressure 
valre  letting  pressure  to  reduolng  valvea  Adjust  reducing 
valve  slowly  allowing  pressure  to  build  up  to  about  6»$  Ina 
Hg  with  a  snail  air  leakage  through  the  water  bhbbler* 

2*  Open  in  turn  the  remaining  olamps  and  stopoooksa  Oheck 
for  air  bubbles  In  liquid  lines.  Double  oheok  to  see 
that  the  olanqps  are  released  and  that  the  pH  It. 2  sol'n* 

Is  able  to  flow  Into  pH  3.1  sol'n.  Start  the  magnetlo 
stirrer. 

3.  Record  time  and  date  as  "On  Column  Time." 

It.  The  temperature  of  the  system  is  kept  at  room  temperature 
(25  to  30®  0.). 

5*  Ihe  pressure  Is  adjusted  to  obtain  a  flow  rate  of  26  •  29  ml^r. 

f .  Oelleoting  Fractions 

1.  The  effluent  is  oaught  In  16  x  150  mm  rimed  test  tubes 
containing  2  ml  of  saturated  oxallo  aold. 

2.  Set  the  tubes  on  a  turntable  timed  for  30  minute  Intervals. 
Oheok  to  make  sure  that  the  turntable  oontrols  are  set  to 
turn  In  the  desired  direction  and  the  timer  swltoh  Is  "on". 
Oheok  back  later  to  see  it  Is  aotually  turning  In  the  rl^t 
direction. 

3.  Continue  oolleoting  until  the  T  band  whloh  elutes  first  Is 
eluted. 

g.  Record  Keeping 

1.  Resin  -  type«  mesh*  lot  numiber 

2.  Resin  bed  -  length  and  diameter 
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3.  Elutrlent  -  brand*  oonoentration*  volunaa  made  vp 

U.  Conditioning  >  length  of  tine,  volume  through  each,  pressure* 

5.  On  Column  Time 

6.  Pressure  -  frequent  observations  of  pressure  and  time 
and  date. 

7*  Elution  Data. 

h.  Selecting  Fractions 

1.  Locating  Peaks  -  k  series  of  tubes  oontalnlng  a  B.  E. 
fraction  will  show  a  gradual  increase  In  preolpltate  vqp  to 
maximum,  followed  bgr  a  sharp  deorease.  Iha  ttbe  oontalnlng 
this  maxlmun  of  preolpltate  la  oalled  the  peak  and  its 
appearanoe  la  logged  as  final  preolpltatlon  time. 

2.  Ihe  first  and  last  tubes  of  a  fraotlon  are  safeguarded 
against  tailing  of  a  previous  fraotlon  and  early  break¬ 
through  of  a  subsequent  fraotlon*  The  idea  la  to  obtain 
enough  preolpltate  for  falkly  good  jdelds  and  yet  provide 
margins  on  each  side  of  a  peak*  If  the  ahape  of  the  elution 
peak  is  flat  as  judged  by  amounts  of  preolpltate  more  tubes 
may  be  disoarded  on  either  side. 

1.  Mounting  the  T  Sample 

1.  Transfer  the  10^04  quantitatively  to  ItO  ml  oentrlfuge  oone, 
oentrifuging  and  dlsoarding  supemate, 

2*  Wash  3  times  with  watw,  2  times  with  ethanol  and  filter 
through  a  stainless  stedl  filter  tower  onto  Whatman  Mo.  1|2 
filter  paper.  Use  quantitative  transferral  teohnlque, 

3*  Ignite  for  one  hour  at  800°  0. 

It.  Cool  oruoible,  moisten  the  oxide  with  methanol  and  grind  to 
a  fine  powder.  Filter  onto  a  tared  No*  lt2  Whatman  papar 
quantitatively. 

Dry  in  oven  at  90  -  100°  0  for  10  mlnutos. 

6.  Cool  in  dlslooator  10  minutes  and  take  timed  one  minate  weighing* 

7*  Repeat  drying  and  weighing  to  oonstant  weight  (♦  0.1  mg). 

8*  Mount  (brass  planohet,  pliofilm  oover)  and  oount, 
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8.  Nipttinlum 

U)  Add  3  ii«  of  to  the  aoid  aolution  oontainlng  the  neptunltm 
aotlTlty,  Ffeolpitate  Fe(CH)a  by  addition  of  exoeaa  MHtOR 
and  digest  fox*  a  feir  sdivates  on  a  hot  water  bath*  Centrifuge 
and  wash  the  preoipitate  with  $  nla*  0*1  H  NGUCH*  Centrifuge 
and  discard  the  wash* 

(b)  Slssolre  the  Fe(OH)a  with  3  drops  RNO^  and  transfer  to  a  $0  iiil 
lusterold  tube  with  water  washes*  Make  the  total  volume  about 
10  ml*  Add  20  mg  MaHSQa  and  heat  the  solution  on  a  water 
bath  for  10  minutes*  Add  $  mg  la*^  and  stir  well*  Add  10 
drops  HF  and  continue  to  heat  for  a  few  minutes*  0ool« 
centrifuge  and  disoazd  the  svQJsmate*  Wash  the  ISF^  with  one 
ml  1  ^  HOl-1  N  HF*  Centrifuge  and  discard  the  waA  solution* 

(o)  SlusnT'  the  LaFa  In  one  ml  saturated  HaBPi  and  heat  a  few 
minutes  on  a  hot  water  bath*  Stir  and  add  one  ml  HCl*  Stir 
and  add  one  ml  HgO*  OontLnue  to  heat  for  a  few  minutes  until 
a  clear  aolution  is  obtained*  Transfer  to  a  UO  ml  glass  cone 
with  water  washes* 

(d)  Make  the  solution  annonlaQal  with  NH4CH  to  precipitate  La(0H)a* 
Digest  the  hydroxide  for  fire  minutes  on  a  7$^  water  bath* 
Centrifuge  and  discard  the  supemate*  Wash  the  laCOH)}  with 
fire  ml  0*1  N  HH4OH*  Centrifuge  and  discard  the  wash  solution* 

(e)  Dlssolrs  the  Ia(0H)s  in  one  ml  HCl*  (Vote  A)  Add  mg 
IIH4Z.  Cool  in  an  loe  bath  and  saturate  with  HOI  gas*  Allow 
the  solution  to  ooma  to  room  tengwrature  and  transfer  to  a 
prepared  Dowex  AO  1->X6  (100<<100  mesh)  column  of  one  Inch 
length*  Huts  through  15  ml  HCl  oontainlng  SO  mg  MH4I  In 

5  lA  portions*  Wash  Ihrough  5  hi  HOI*  Huts  the  Neptunium 
Into  a  iiO  si  glass  oantrifuge  oone  with  ten  two  ml  portions 
of  1  N  HOIK)*!  N  W* 

(f)  1b  the  duate  from  step  e  add  5  mg.  Fo^*  Make  the  solution 
basic  with  esBoss  NH4GH*  Digest  for  5  minutes  on  an  65^  0* 
water  bath*  Centrifuge  and  discard  the  supernate*  Wadi  the 
Fe(0B)s  with  $  ml  water  containing  2  drops  lO^CH*  Centrifuge 
and  discard  the  wash* 


do 


(g)  DlsBolTa  the  Fe(0H)3  In  $  ml  l.$  HOI.  Add  one  nl  saturated 
NHaOH'HCl  and  heat  the  solution  10  minutes  on  an  0  water 
bath.  Add  another  ml  saturated  IHaCH'HOl.  Oool  and  add  $  ml 
bensene*O.U  H  TTA.  Stir  the  solution  3  minutes  with  a  meohanloaX 
stirrer.  Centrifuge  for  one  minute  to  separate  the  layers. 
Withdraw  the  TIK  jhase  with  a  transfer  pipette  and  transfer 

to  a  oleani  dry  Uo  ml  glass  centrifuge  oone.  Repeat  the  TTIAi. 
extraction  twice  more  and  combine  the  bensene*4IA  phases* 

(h)  Wash  the  benzene  phase  with  $  nOs  of  1»$  N  HOI  by  stirring  for 
two  minutes  with  a  mechanical  stirrer.  (Note  B)>  Centrifuge 
and  withdraw  the  aqueous  layer.  Repeat  onoe  aid  disoard  the 
washes* 

(i)  Baok  extract  the  neptunium  from  the  TTA-bensena  with  $  ml 
6  N  HNOa*  Stir  for  one  to  two  minutes.  Centrifuge  and 
transfer  the  HNOg  phase  to  a  ^  ml  beaker  oontalnlxig  2  mis 
HOIO4.  Repeat  the  baok  extraction  twice* 

(j)  Evaporate  the  solution  just  to  dryness.  Do  not  bake.  Add 
one  ml  HOI  and  evaporate  to  dryness.  Continue  with  steps 

two  through  four  of  the  Heavy  Element  Bleotroplatlng  Froosdure* 

(k)  At  the  end  of  the  plating  period^  turn  off  the  stirring  motor 
and  with  the  current  still  on  fill  the  oell  with  water.  RomoTS 
the  cell  from  the  plating  apparatus  and  Immediately  pour  the 
solution  Into  the  $0  mi  beaker  previously  used  for  evaporatiaii 
in  steps  nine  and  ten.  (Note  O)  Rinse  the  oell  three  times 
with  ^  mis  of  water  and  combine  the  washes  with  the  plating 
supemate* 

(l)  Dismantle  the  plating  cSU  and  remove  the  platinum  dlso* 

Rinse  the  dlso  with  ethanol  and  ignite  to  red  heat.  0o<d 
and  mount  for  quick  yield  count* 

NOTES 

a.  It  instructions  say  "Repeat  flourlde**  dilute  sample  to 
ten  mis  with  water  and  repeat  stepa  two  through  four* 

Do  not  add  more  Za'*‘** 

b.  Use  1.^  HCl  standardized  by  titration. 
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ELBGTROFUTINQ  PROCEDURE 


1*  Evaporate  the  solution  containing  the  heavy  element  tracer  and 
activity  to  approximately  1  ml*  Add  1  ml  HNOa  and  1  ml  KCl* 

Evaporate  to  wet  diyneaa*  Repeat  the  HNO^-^Ol  treatment  twice* 
(Repetition  of  HCl-HNOa  treatment  la  not  neoessaiy  for  the  plating 
of  uranium^ 

2*  Flok  up  the  sample  In  1  ml  HQ.  and  take  to  dryness.  Do  not  hake* 
Rotate  the  beaker  to  Insure  complete  dryness*  Add  2  ml  HQ|  boll 
to  1  ml  and  transfer  to  a  prepared  electroplating  edll*  Rinse  the 
beaker  with  two  \J2  ml  HQ  washes  and  one  1/2  ndi  water  waeh* 

Transfer  eadt  wash  to  the  plating  oell*  Ihe  platinum  dlso  and  anode 
nuat  be  freed  of  any  greaae  film  by  rinsing  several  timum  with 
aoetone  and  aloohol*  HMLts  ths  san^ple  Identification  on  the  bade 
of  the  dlso*  Ignite  to  red  heat  In  a  Fisher  burner  flame*  The 
eleotroplatlng  oail  must  be  clean  and  free  of  any  foreign  material* 
GhsOk  for  leakage  before  use*  Keep  the  plating  solution  at  minimum 
volume  during  this  transfer  and  also  during  the  following  titration* 
3*  Add  1  drop  methyl  red  Indicator*  Add  HHtOR  dropwlse  until  ths 
indieator  shows  the  solution  to  be  baslo  (yellow)*  Add  2X  HQl 
dropwlse  until  the  solution  Is  .lust  sold*  Add  1  drop  In  eaoees* 

U*  Flaoe  the  sample  on  a  Sargent-61onan  eleotroplater*  Adjust  the 
anode  to  approximately  l/U  Inch  above  the  platinum  dlso*  Plate 
for  10  minutes  at  a  etarting  Q««rrent  of  2*$  asqpe  and  about  X  Tolts* 
The  ourrent  nay  fluotvate  during  the  plating  period*  Cheok 
oooaslonally  and  adjust  the  ourrent  . to  maintain  2*5  amps  throu^out 
the  plating  period* 

5*  At  the  end  of  the  eleotroplatlng  perlod|  add  1  ml  HH4OR*  Stir  for 
15  seoonds*  Turn  off  the  ourrent  and  stirrer  and  remove  the  anode 
f  rat  the  plating  solution* 

6*  Danediately  transfer  the  plating  solution  into  the  beaker  used  for 
evaporation*  Rinse  the  inside  of  the  plating  oall  3  times  with 
water  washes*  Oonlblne  the  washes  with  the  plating  solution* 

7*  Diamantle  the  plating  cell  and.  remove  the  platinum  dlso*  Rinse 
with  aloohOl  and  ignite  the  dlso  to  red  heat*  Oool  and  dieok  the 
yield  on  an  alpha  counter*  Flaoe  the  sample  in  a  lined  and  lAbeled 
tin  bOx  and  submit  for  oouatlng  analysis* 
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Faxtlole  ^alysls 

Varloua  methods  of  analyaing  pasrtloles  are  aTallable.  Li  generali 
the  apeolfle  method  used  depends  upon  the  hlstoxy  of  the  samplej  speolflo 
activity  of  the  partloles  and  vhat  data  is  required  from  the  partiolo 
Investigation. 

The  following  Is  a  discussion  of  the  procedures  whldi  are  most 
likely  to  he  applicable  to  analysing  partloles  from  the  Tory  reactor* 

a«  8tlr*^ff  of  the  Activity  from  Filter  Papers 

Take  a  section  of  the  filter  paper  of  svudi  else  as  to  contain 
about  10*  fissions  and  out  into  pieces  of  about  lA”  square,  flaee 
the  pieces  In  a  1|0  nil  centrifuge  tube.  Add  ID  nl  of  n-tuyl  aoetate 
to  the  tube  and  stir  for  l/2  to  1  ninutSi  at  moderate  speeds  with 
a  mechanical  stirrer  using  a  perforated  glass  tube  as  a  stirring 
rod.  Allow  the  fibers  to  settle  for  a  few  seconds  and  decant  the 
amyl  acetate  through  a  double  layer  of  320  mesh  wire  cloth  Into  a 
second  UO  id.  centrifuge  ttbs. 

b.  I*reparation  of  Collodion  FUma 

Add  20  -  2$  ml  of  Collodion  Flexibls«  U.  8.  P.^  to  the  amyl 
aoetate  and  etlr  wbll  with  a  gilasa  rod|  do  not  mix  air  bubbles 
Into  the  mixture  ae  their  presence  will  Interfere  with  any  nloro" 
eooplc  ennlnetlon  whleh  may  be  mede.  RLeoe  a  few  dropa  of  allleoao 
oil  on  a  lliht  glase  plate  and  wipe  well  with  a  non-Untlng  paper 
tissue.  Ihle  ooete  the  g^sa  with  a  thin  film  ef  siUeona  to 
prevent  adherence  ef  the  ooUedlon  film. 

Pour  e  portion  of  the  ooUodlannoi^l  acetate  mixture  onto 
the  glaes  plate  so  that  It  covers  sn  area  of  about  2$  sq.  inohas* 

Dry  for  a  few  minutes  under  a  2$0  watt  infrared  heat  lai^.  (Tha 
heat  lamp  should  be  at  least  two  feet  dlstanos  to  avoid  fonwtlon 
of  bubbles  In  the  collodion.)  Continue  adding  tha  ooUodlMi  In 
inoremsnts  to  Inoreeee  the  thloknees  of  the  final  ooapletedi  film  but 
keep  the  area  to  about  2$  aq.  Inches. 
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Tiioroughly  dxy  the  film  uader  the  lanqpj  iTour  or  fire  houn 
nuQT  be  required*  Remote  the  lanq)  and  allow  ttie  film  to  stand  for 
eereral  houra*  Remore  the  film  from  the  glass  plate  using  a 
rasor  blade  to  lift  the  edge  of  the  film*  Staple  the  film  In  a 
manlla  envelope  to  keep  It  held  taut* 

0*  Radioautographgr  of  the  Collodion  Film 

Drill  a  l/U"  hole  in  a  piece  of  1/8"  sheet  lead*  Ilaoe  the 
sheet  1«m1  over  the  end  of  a  ITaoerlab  Lab  Monitor  Qaiger  ttibe 
ahield  so  that  the  l/k"  hole  is  centrally  looated* 

Take  readings  of  the  aotivity  levels  in  the  ooUodion  film 
letting  the  lead  sheet  oollimator  rest  on  the  film*  Take  readings 
as  counts  per  minute  and  multiply  by  three  to  obtain  the  approadmate 
aetivity  level  in  terns  of  QK/as^, 

The  following  aotivlty  levels  and  exposure  times  have  been 
found  to  give  satisfaotoiy  radioautographs  when  Kodak  ELue  Brand 
Medloal  X-ray  Film  is  used* 

Bxposurs  Time 
houra 

m 

16 


Staple  an  8"  X  10"  Kodak  Medioal  X-ray  film  over  the  ooUodion 
films  mounted  in  the  manila  folder  and  punoh  a  oodo  for  later 
rematohing*  Flmoe  the  asaeidaly  in  a  Kodak  X-ray  Xsqposure  Holder^ 
weight  lightly  to  get  good  oontaot  between  the  ooUodion  easts  and 
film  and  expose  for  the  proper  time* 

Remove  the  film  and  develop  aooording  to  the  foUowing 
sohedule* 

Develop  —  6  min.  at  20°  0 

-  $  min*  at  23^  0 

-  U-1/2  min  at  25^  0 


Aetivity  Level 
OPM/on^ 

1000 

3000  -  $000 
^000 
2QP00 


6h 


stop  Batl\  **  30  seoonda 
Fixer  ■*  1$  minutes 
Wash  -  One  hour 
Allow  the  film  to  air  dry, 

d«  Punch-out  of  Particles 

Examine  the  radioautograph  and  olrole  the  larger^  xound« 
black  spots.  If  a  single  spot  is  not  found  the  activity  is  not 
likely  to  be  a  single  particle* 

Rematch  the  radioautograph  and  collodion  fllns.  Staple 
securely  in  position.  Pun(^  out  the  narked  spots.  A  punoh  with 
a  3/16"  diameter  hole  is  placed  over  the  marked  spot  and  than 
tapped  witti  a  hanmer.  Ihe  collodion  olrole  is  e^rated  uad  the 
punch  outs  examined  under  a  niorosoope  to  inaure  that  the  spot 
was  caused  by  a  large  partiola  rather  than  an  aggregation  of  nlnote 
partioles. 

e«  Particle  Diepersal  Method  Modifloation 

If  the  filter  paper  is  of  low  aotlvity*  the  following  out¬ 
lined  method  may  be  used  to  isolate  partioles* 

The  filter  paper  is  stapled  to  an  xrruy  film  and  exposed  for 
a  length  of  tine  determined  by  the  activity  of  the  paper*  Ihe 
film  is  developed  and  renatohed  with  the  paper.  Ihe  spots  on  the 
film  are  punched  out*  using  a  3A6”  diameter  pundi  and  placed  on 
a  niorosoope  slide*  A  drop  of  ethyl  aoetate-oollodion  solution  is 
added  to  the  punoh-outs  and  the  fibers  are  dispersed  over  a  one  sq* 
Indh  area  using  a  pair  of  needles*  The  slides  are  then  oven  dried* 
The  slides  are  exposed  with  x-ray  film*  using  an  alunlnun  jig  to 
match  the  film  and  slide.  Ihe  films  are  developed*  renatohed*  the 
daxk  spot  located  under  a  niorosoope  and  the  area  under  the  spot 
scanned  for  the  particle*  Ihe  siee  and  oolor  of  the  partiole  are 
recorded  and  the  partiole  transferred  to  a  cover  glass  oontalnlng 
a  drop  of  ethyl  acetate  which  serves  to  wash  away  any  adhering 
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oollodlon.  Iha  eover  gXass  la  then  counted  in  e  Triioerlab 
80-16  2  IT  flow  counter  or  100  channel  ganna  analjrser  and  the  apeolfio 
actlTlty  calculated  relative  to  the  volvsne  of  the  partite  aoocrding 
tc  the  fcllowing  equation 


(Np,Y,a)  - 

T 


f«  Radloohamloal  Analyala  of  Sheeted  Particles 

After  laolatlngf  determination  of  phyelcal  propertiea  and 
•peolf  le  activity  detemlnatlonsi  t4io  partlolea  nay  be  radio* 
ohenloally  analysed  either  singly  or  in  grov^  by  dissolving  In 
hydrofluorlo-nltrle  aoldsi  adding  the  suitable  carriers  and  tracers 
and  perfonlflg  the  appropriate  separation^  deoontanlsationi  and 
oeuntlng  for  the  isotopes  of  interest  as  described  in  other  sections 
of  the  qjpendlx* 
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6.  Counting  Frooedures 
a*  Barluitflli.O 

Direot  count  on  a  KEV  (methane  end  vindow)  counter  to  2  peroent 
aocuraojr  immediately*  If  count  rate  is  below  6$  opm«  count  the  sample 
on  a  0B**lU  low  background  oounter*  Sa]i;)le  must  be  counted  within  three 
hours  of  the  final  preoipitatlon  time* 

b«  Strontium  69  ”  90 

Direct  count  Sr  saflq)le  on  a  MEbr  oounter  to  2  peroent  aoouraoy 
within  three  hctira  after  the  final  preoipitatlon  tine*  Direot  oount 
the  mlUced  dauj^ter  sample  then  dsoay  dally  until  dead*  If 
oount  rates  are  leas  than  100  opn  oount  samples  on  QB^lU  low  baokground 
oounters* 

0.  Oeslum  136  -  137 

For  Os^*  (12*9  day  half -Ilfs)  dsoay  twloe  dally  on  a  P*20 
oounter  until  the  sample  has  deoayed  to  3  peroent  of  Its  Initial 
aotlTlty*  Also  oount  on  the  gairnia  speotromstsr* 

d*  Ruthenium  103  -  106 

Take  an  absorbtlon  ourwe  from  0  to  1*6  gran  1  om^  alunlnun  on  the 
MBW  oounter. 

it  Mol7bdenun-99 

Direot  oount  on  a  M9f  oounter  to  within  1  peroent  aoouraoy. 

Decay  three  tines  a  week  for  five  half-lives  (2*7$  day  half-life*  )• 

f*  OadnluA-ll$ 

Direot  oount  on  a  MEV  oounter  after  16  hours  from  final  precipitation 
time  has  elapsed*  This  allows  the  In^^*  daughter  to  reaoh  equlUbriuw^ 
Deoay  for  a  purity  oheok* 

g*  1ttrium-91 

Direot  oount  on  a  KShf  oounter.  then  deoay  twloe  a  week  for  four  weeks. 
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h.  NeptmiuPi-239 

Direct  count  through  a  It. 75  mg/om^  aluminum  absozher  then  decay 
twice  daily  on  a  MEIVf  counter  until  four  points  have  been  taken. 
Change  counting  frequency  to  three  times  a  week  and  decay  until  the 
candle  is  counting  only  3  percent  of  its  Initial  activity  or  until 
the  counting  rate  starts  to  increase.  Alpha  count  for  yield  deter** 
mlnatlon; 
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